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SPECIAL ISSUE ON LARGE R&D PROJECTS 


Tokyo KOCYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 p 16 


[Article by Kazuo Fujimoto, Technology Counselor, General Affairs Depart- 
ment, Agency of Industrial Science and Technology: "Today's Topics, Tomor- 
row's Developments” ] 


‘Text}] At the present time, Japan is burdened with a serious oil problem, 

and it is in a situation in which there is need for accumulation of knowl- 

edge with regard to greater development of industrial structure, removal of 
the factors limiting growth, and assurance of security, and effective meas- 
ures along these lines are greatly in order. 


The item that wiil fulfill these demands, enhance Japan's international com- 
petitive strength, and serve as the foundation for materially improving its 
people's living and enable harmonious development of its national economy 
is, above any other single factor, innovative technological development. 


The Large Project System of the Agency of Science and Technology was initi- 
ated in 1966 with the three projects “Super High Performance Electronic Com- 
puter,” "“Desulfurization Technology,” and "“Magnetohydrodynamic Power Genera- 
tion” (MHD) with an anuual budget of one billion yen. Since then, 15 pro- 
jects have been started, and this program has grown to the stage that the 
JFY 1979 agenda lists eight projects funded at about 15 billion yen. In 
this 15-year period, the government has put forth a total of about 109 bil- 
lion yen, there have been about 400 industrial property items that have been 
acquired, and the income from patents and other industrial rights have 
totaled more than 200 million yen. It is expected that the spin-off from 
this system will continue to increase in the future. 


Looking at this program in more specific manner, research and development 
on six of these projects had been terminated prior to the end of the last 
Japanese fiscal year. Among these projects is the "Superhigh Performance 
Electronic Computer” project which has played a major role in the firm 
establishment of Japan's electronic computer industry. In addition, the 
"Sea Water Desalination and Utilization of Byproducts” project has compiled 
a record of exports centered mainly on the Near and Middle East regions. 











In addition to those results which were directly assessable, there were 
many areas which could not be directly assessed but which contributed 
greatly to improvement in technology of related areas. 


Looking back to the time this Large Project System was initiated, Japan in 
April 1964 joined the eight countries of the IMF, and Japan's free enter- 
prise economy advanced in rapid tempo. On the other hand, the technologi- 
cal level at that time had made rapid advances through assimilation and 
absorption of technology imported from the western world, and the desire 
and effort to conduct innovative technology and development was lacking. 

At the same time, there was a desire for measures to provide funds for re- 
search and development directed at large scale production and intercollegi- 
ate and interindustry [cooperations]. This is the background to this pres- 
ent system which ties together the country's funds to the research and de- 
velopment capabilities of private industry. 


Since then, the new energy technology research and development system (Sun- 
shine Program) was initiated in 1974 and the eneigy conservation research 
and development (Moonlight Program) was initiated in 1978 both in response 
to the needs of their times. It may be said that these systems have served 
as the frontrunners of large scale research and development by the Ministry 
of isaternational Trade and Industry. 


r subjects that we will be faced with in the future include, on an inter- 
national level, the rise in cost of resources and energy, increased inter- 
lependency of the economies of different countries, and the nurturing of 
developing countries. On a domestic front, there are the problems of meet- 
ing the demand for a higher level industrial structure, complying with so- 
cial needs, preparing for the succeeding generation of technological inno- 
vations, and assuring security. 


fo be sure, it is said that the peripheral environment which envelopes the 
large project system is also undergoing large changes, but "the object of 
the large project system is to take cognizance of the importance of con- 
reams research and development to raise the people s economy by a program 
efforts and underwrites the entire cost of promoting the program and Dated 
on a system for close cooperation of industrial and academic circles, en- 
gages in promoting planned and efficient research and development, and 
thereby upgrading the country's industrial structure, strengthening its 
international competitive power, developing natural resources in more ra- 
tional manner, and striving to prevent industrial pollution. At the same 
time, a spectacular upgrading of the technological level of the nation's 
industries will be targeted." It is thought that this system will benefit 
from the introduction of new viewpoints in addition to the concepts that 
were incorporated at the time of inception. I pray that this system will 
continually develop with the understanding and support of all concerned. 


2267 
CSO: 4105 











LARGE PROJECT SYSTEM AND ITS OPERATION 
fokyo KOGYO GIJUTSU in Japanese Vol 2) No 8, Aug 79 pp 17-19 


Article by Koji Ota, (Former) Comprehensive R and D Officer, General Af- 
fairs Department, AIST] 


xt] The Large Industrial Technology Research and Development System 
(commonly referred to as the Large Project System) was initiated in JFY 
L966. This system is designed to handle certain projects which involve 
large type industrial technology deemed urgent and necessary to the people's 
economy, which require vast sums of money and long term to bring to frui- 
tion, and which entail such great risks such that private industry cannot 
hope to develop in which the nation bears the load of providing the neces- 
sary tunds, maintains close cooperative system with industrial and academic 
circles, and develops technology to contribute to resources development, 
development of environmental protection technology, and improve the people's 
living standards and well being through planned and efficient promotion of 
research and technology of innovative and leading technology. 


Research and development by this system is centered on the Agency of Indus- 
trial Science and Technology under the Ministry of International Trade and 
industry and is promoted through a system incorporating the industrial 
world, the academic world, and subordinate or related ministries and agen- 
cies. The selection of subject themes, establishment of the research and 
development plan for each them, and designation of the plans of execution 
for each year are items on which the Industrial Technology Council which 

is an advisory organ of the Ministry of International Trade and Industry 
holds hearings each year through instruments such as the Large Technology 
Development Section. A research and development liaison council has been 
established consisting of academic researchers in related fields and re- 
search and development managers, and this group enters into comprehensive 
promotion of the execution of the project. The makeup of the administrative 
front of this research and development promotion involves the research and 
development officer in charge for every project functioning under the direc- 
tor of the Agency of Industrial Science and Technology. There is also an 


* 


yverall research and development officer who coordinates efforts between 
t 











projects. He looks after the management details while the technology 
councillor conducts all inclusive administration over the entire area of 
operations covered by the project (see Figure 1). 
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Figure 1. Makeup of Large Industrial Technology Research and Development 
Operating Mechanism 


Key: (1) Industrial Technology Council, Large Technology Development 
(2) Subsection 
(2) deliberation 
(3) ministry conference for committal 
(43 layout of basic plan 
(5) ministry conference for committal 
(6) layout of actual plan 
(7) press release, explanation to related areas 
(8) (AIST laboratories) 
(9) research under basic guidelines of research management 
(10) laboratories of other ministries and agencies 
(11) establishing research execution by other ministries and agencies 
(12) research entrusted to private sources 
(13) Large Industrial Technology Committee 
(14) deliberation 
(15) selection of contractors 
(16) signing of contracts (inciuding development plan) 
(17) holding public hearings, explanatory sessions, etc. 
(18) each JFY 
(19) setting up executional plan 
(20) setting up detailed plan of execution 


[key continued on following page] 














key continued from preceding page] 


(21) setting up executional plan 
(2?) Large Industrial Technology & and 2D Liaison Counci! 
(23) ItLialson between contractors and national laboratories 
(24) approval and reporting of changes 
5) execution of research 
6) submitting quarterly reports, etc. 
7) submitting semi-annual reports, etc. 
(28) approval and submission of changes in plans 
(29) setting up executional plan 
(30) interim inspection 
(31) final JFY 
(32) execution of research 
}) end of research submission of report 
(34 submission of reports on final results 
(35) management of results 
6) submission of completed reports 
3/) decision inspection 


[he ctuemes selected for research and development include a number of themes 
today demand urgent research and development, and this system uses the 
tolLlowing selection standards. A theme must fulfill every one of these items 
etore it can be selected as a theme for development. 


lL) Research and development on the technology in question is extremely im- 
portant to raising the level of the industrial structure, strengthening inter- 
national competitive power, developing rational handling of natural resources, 
or preventing industrial pollution. 


2) It is a technology of a ler ’*‘».g nature or with popular adoption poten- 
tial and whose research and dev. pment will contribute greatly to the im- 
provement of industrial technology. 


}) Research and development on said technology will require vast sums of 
money a long term to complete, and also entail considerable risk making it 


beyond the capabilities of the industrial world to conduct the research and 
development. 


+) The establishment of a developmental target for research and development 
is possible, and there is promise that there are technological pathways to 
realize the objective. 


2) Research and development wil). require the coordinated efforts of the 
research and development capabilities of government, industrial, and aca- 
demic circles. 
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Table 1. Outline of JFY 1979 Large Project 
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[Key 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14; 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 


(22) 
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(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 


(37) 


(38) 


(39) 





to Table 1 on preceding pages] 


Name of project 

Continuing project 

new project 

pattern information processing system 

direct steel making using high temperature reducing gas 

comprehensive automobile control technology 

method of producing olefins using heavy oil raw material 

jet engines for airplanes 

resources reutilization technology system 

modular production system applying superhigh performance laser 

sea bottom oil production system 

optical application instrumentation and control system 

research and development period 

JFY 1971-80 

JFY 1973-79 

JFY 1973-79 

JFY 1975-81 

JFY 1976-81, second stage plan 

JFY 1971-75, first stage plan, about 6.9 billion yen 

JFY 1976-82, second stage plan 

JFY 1973-75, first stage plant, about 1.3 billion yen 

JFY 1977-83 

JFY 1978-84 

JFY 1979-86 

administrative costs, coordination costs, etc. 

total 

total sum for research and development 

(100 million yeg) about 22 billion 

about..... x 10” yen 

JFY 1978 budget 

(million yen) 

JFY 1979 budget 

(million yen) 

(note) [see 58] 

outline of rroject 

research and development on technology in which a computer recognizs 
and processes characters, figures, objects, and sound type pattern in- 
formation 

research and development on direct steel making technology aimed at a 
closed system utilizing thermal energy from a multiple purpose high 
temperature gas reactor which is expected to be developed in the near 
future in order to resolve the pollution problem accompanying steel 
making and relieve this nation from dependence on coking coal. 
research and development on all inclusive control technology to resolve 
traffic jam situations, reduce pollution from automobiles, and lower 
the accident rate by tying together a roadside information system to 
individual automobiles and cortrol traffic flow. 

research and development on producing high-added-value olefins (such 
as ethylene, prophylene used as raw material for the manufacture of 
synthetic resins, synthetic rubber, and synthetic fiber) starting from 
oil fraction of high sulfur contest which is difficult to desulfurize 


8 











(39) 


(40) 


(44) 


(49) 


Research and development on producing high-added-value olefins (such 

as ethylene, propylene used as raw material for the manufacture of 
synthetic resins, synthetic rubber, and synthetic fiber) starting from 
cil fraction of high sulfur content which is difficult to desulfurize 
(the so-called asphalt fraction) 

Research and development on high performance jet engine for commercial 
aviation use which is associated with low pollution effects such as 
acmospheric pollution including noise and emissions, high overall ef- 
ficiency, able to withstand frequent takeoffs and landings, and easy 

to maintain and service 

Research and development on a technological system for urban solid 
waste disposal which is aimed at effective use of resources and smooth 
handling of solid urban wastes through the regeneration and reutiliza- 
tion of resources 

Research and development on a modular production system which can pro- 
duce a diversity of machined parts, each of small quantity, from metal- 
lic materials through an integrated system which is flexible and rapid 
Research and development on a sea bottom oil production system which 
enables effective production of oil from sea bottoms at great depths 
(more than 300 m deep) and which can be utilized to develop the ocean 
areas about Japan (without adverse effects to the fishing industry and 
capable of producing oil from small-scale oil sources) 

Research and development on an optical instrumentation centralized 
monitoring, and control system which can cope with adverse conditions 
such as poor environmental conditions including bad electromagnetic 
conditions and monitor large volumes of information generated within a 
given area such as a large industrial park or a large plant 

Major research and development plans for JFY 1979 

Complete overall system prototype (information recognition system, com- 
puter processing section, system control section, information transmis- 
sion section, and information storage section) 

Continuing from JFY 1978, conduct research and development on operating 
an experimental plant including high temperature heat exchangers and 
reducing gas production facility (steam reformer and pitch gasifica- 
tion facility), establish the respective system processes, and develop 
the total system including super heat resistant alloys, high tempera- 
ture insulating materials, and reduced-iron production facility 

Conduct overall evaluation of project in anticipation of terminating 
this project in JFY 1979. Conduct survey research on the effectiveness 
of the practical system when used on the highway network of major cities 
and plan to dismantle and remove the experimental research facilities 
Continuing from JFY 1978, promote construction of pilot plant (including 
installation of machine equipment and completing remai:.ing site construc- 
tion), complete this phase, and conduct pilot plant tesc¢c operation. In 
addition, promote research on plans and designs for scaling up and con- 
duct research on the anaiysis of the properties of the heavy oils in 
order to facilitate handiing of a variety of heavy oils 








(50) Conduct research aimed at lowering noise and discharging of toxic 
gases, continue assembly of a primary test engine from the previous 
year, conduct long term endurance tests and low cycle fatigue tests, 
and conduct experiments to study the ingestion of water and birds us- 
ing the first-stage test engine. Complete basic design of second test 
engine and start on detailed design. 

(51) Pilot plant construction of the “material recovery type" (recovery of 
oils, paper pulp, and fuel gas from urban waste) facility will be 
completed, adjustment operation will be conducted, and comprehensive 
operational research will be conducted. Where the “energy recovery 
type” (produce fuel oil and methane) is concerned, research will be 
conducted to improve energy efficiency 

(52) Based on the basic designs drawn up to the preceding year, control 
modes between subsystems will be planned 2n the tota’ system to improve 
the compatability of the system, and stru:tural analysis of potential 
fabrication products by this system will be made. In addition, milling 
and finishing technology, unit forming and finishing technology, laser 
application technology, automated assembly technology, automated diag- 
nostic technology, and design control technology will be studied along 
the lines of experimental research on structural characteristics of each 
element technology, and parts for important different mechanisms (com- 
pour.d milling mechanism, free forming mechanism, automated assembly 
mechanism, laser oscillator, etc.) will be test fabricated following 
basic design, and design and test fabrication of an experimental facility 
will be started 

(53) [Development fund related items] 

Experiments to obtain basic data necessary to the design of a facility 
to detect the location and degree of pipeline leaks and damage will be 
conducted. 

Experiments to collect basic data necessary to design of an approach 
control mechanism to enable approach to fixed underwater objects will 
be conducted 

(Coal and Petroleum Special Account] 

Research and development on engineering and operating technology to 
integrate each subsystem into the total system will be conducted. 
Model experiments, computer simulations, and materials experiments 
will be conducted in order to complete detailed design of subsystems 

(54) Basic research will be initiated on instrumentation subsystems, in- 
formation transmission subsystems, and control subsystems. 

(55) [Note] 1,078 is the figure contained in the Coal and Petroleum Special 
Account budget proposal. 
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Research on the themes selected in the manner described above is divided 
into that performed by the experimental laboratories under the jurisdiction 
of the Agency of Industrial Science and Technology and other related minis- 
tries and agencies and research entrusted to private industry. Each con- 
tractor follows the basic plan of the research theme, and there is wide 
canvas of industries which desire to receive grants for research and de- 
velopment (applications are issued prior to initiation of research and 
development through a Ministry of International Trade and Industry announce- 
ment). These applications are judged by a Large Industrial Technology Com- 
mittee comprised of personnel from the Agency of Industrial Science and 
Technology, experimental laboratories, and Ministry of International Indus- 
try and Trade before a decision is made. 


At the present time, research and development along the lines of the themes 
listed in Table 1 are under way, and it is expected that research and de- 
velopment will be initiated in JFY 1979 on the new theme "Optical Applica- 
tions, Instrumentation and Control System." 








PATTERN INFORMATION PROCESSING SYSTEM 

Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 20-23 
[Article by Akira Konno, Office of the R and D Officer, AIST] 
[Text] Need for Research and Development 


Accompanying the development of information oriented society, the need and 
expectations for information processing systems have suddenly increased not 
only in the areas of science and technology and business management but in 

a wide field including production control, information management, medicine, 
education, and transportation. 


What is turning out to be a bottleneck to the need cited above has been the 
inability of information processing systems of the past to hangle directly 

various types of pattern information such as characteris, figures, objects, 
and sound. 


This is why there is the need for directly inputing pattern information, for 
developing a recognition system that is an information processing system in 
order to alleviate this situation. (See Table 1). 


Table 1. Comparison Between Present Computer Information Processing System 
and Pattern Information Processing System 











| Present electronic Pattern information 
computer information processing system 
processing system 
target information mainly numbers characters, shapes, ob- 
jects, sound, etc. 
method of inputing manual input (such as key direct input as is, 


external information punching); shapes are desig- | without manual input 
nated by name and input 








manualiy _ 

computing, processing | time-sequence one-dimension- | 2-dimensional handling 

decision, display al handling (successive (parallel processing) 
processing) 

memory write-in and read-out write-in and read-out 
by address according to generic 


nature of pattern (asso- 
ciative memory, etc.) 


























In toreign countries, the computer makers head a list of agencies such as 
universities and research organs engaged in earnest development of pattern 
information processing systems, and it is anticipated that this subject may 
become the focal topic in information processing systems in the 1980s. 


Looking at this present situation, unless Japan takes drastic measures, it 
will end up behind foreign firms in this field, and this would surely have 
a major influence on Japan's information processing industry. 


To deal with this situation, Japan decided on active promotion of research 
and development aimed at information processing systems that should become 
practical sometime during the early 1980s. 


Targets of research and Development 


This project is intended to develop a pattern information processing system 
of processing speed and cost in the practical range that will possess the 
following capabilities. 


1) Be able to input and recognize pattern information directly. At the 
same time, it will be capable of storing, computing, and processing for 
output the information as needed. 

2) It will be able to utilize the various properties of natural spoken lan- 
guage and process basic, simple sentences. 


3) It will possess new capabilities such as parallel processing, associa- 
tion, and learning as part of its computer processing modes. 


Research and Development Plan 


This project was planned for a 10-year period starting in JFY 1971. The 
total development cost is to be about 22 billion yen. 


This project is being promoted as four items: 1) research on a pattern 
recognition mode including separate recognition and processing of charac- 
ters, figures, objects, and sound and natural language processing; 2) re- 
search on parts and materials; 3) research on an information processing 
system which possesses the capabilities of parallel processing, associa- 
tion, and learning; and 4) research on an overall system prototype. The 
first stage will include research on information processing modes and indi- 
vidual recognition modes and new component materials research, and the 
second stage will take in the results of the first stage and conduct design, 
production, and performance evaluation of pilot models of the information 
processing system and the individual recognition systems. At the same time, 
research wil! be conducted on even higher level recognition modes. The 
final stage will be the compilation of all these results to design, build, 
and evaluate the overall system prototype and thereby complete this pro- 
ject. (See Figure 1). 
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Figure 1. Progress Status of the Overall Plan 





Key: (1) area (14) subsystem manufacture 
(2) JFY 1971 ("46") through (15) system unification 
1980 ("55") (16) evaluation 

(3) parts and materiais (17) recognition mode 

(4) phoetoelectronic material device (18) characters 

(5) magnetic bubble device (19) figures 

(6) semiconductor LSI (20) objects 

(7) information processing system (21) sound and voice 

(8) EPICS/computer composite (22) natural language 

(9) magnetic bubble memory (23) pilot model 

(10) microcomputer (24) Note: the broken lines 
(11) overall system prototype indicate future plans 
(12) basic design (25) optical information 
(13) detailed design processing 


Research and Development Status 


This project has now gone through 8 of its projected 10 years, and research 
on information processing modes, research on individual recognition modes, 
and research on parts and materials have been completed. At the present 
time, the above results are being compiled, and research on the overall 
system prototype is being promoted. 








The following is the research and development status according to separate 
research items. 
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1) Research on Pattern Recognition Modes 


As far as separate recognition modes for printed characters, handwritten 
characters, light and dark figures, colored figures, objects, and voice 

and sound are concerned, the modes and methods for recognition algorithms 
were essentially established by JFY 1976, and an individual recognition 
pilot models were test produced as an intermediate result and performance 
evaluation was conducted. In addition, research on a high level recogni- 
tion mode is being promoted. (5ee Table 2 for the performance of the indi- 
vidual recognition pilot models). 


Along the lines of research on common software and natural language pro- 
cessing, the efforts up to the present time include development of pro- 
gramming for LISP nonnumeric processing language and research on Japanese 
text structional analysis. 





2) Research on Parts and Materials 


Research and development on this subject was initiated in JFY 1971 in which 
parts and materials to fulfill the initial target objectives such as charge 
coupled devices, infrared semiconductor laser arrays, magnetic bubble ele- 
ments, and LSIs were researched and developed. This phase was completed in 
'FY 1975. 


$) Research on Information Processing System 


Research on the information processing system was conducted based on the re- 
sults of the studies on parts anc ~aterfals. In the area of microcomputers, 
a one-chip microprocessor (PULCE) with 7,000 gates and a buffer memory with 
4 kilobit per chip and main memory of 16 kilobit per chip were combined in 
the microprocessor system that was test produced in JFY 1977. In the area 

of magnetic bubble systems, test production of magnetic bubblememory modules, 
(a 16-megabit magnetic bubble menery incorporating one chip 256 kilobit mag- 
netic bubble memory elements, operated by a 500 KHz rotating magnetic field 
and a magnetic bubble memory module access time 0.4 millisecond) for a 64 
kilobyte high-speed auxiliary memory system incorporating one-chip 78 kilo- 
bit magnetic bubble elements were completed in JFY 1977. The former is used 
as the file memory for the overall system's data base machine while the lat- 
ter is used as high speed supplementary memory for the overall system's sound 
and voice recognition subsystem. The optical information processing system 
including a holographic optical, large capacity file subsystem using infra- 
red semiconductor laser arrays, an optical information search subsystem using 
optical space modulators, and an optical relightable file subsystem using 
reversible photosensitive elements was completed in JFY 1977. The holographic 
optical large capacity file is used as the Japanese words processing machine 
file. 
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At the same time, research is underway on a practical on-line joint utili- 
zation computer compound system for more vigorous promotion of research 
and development . 


4) Research on Overall System Prototype 


Basic design was started in JFY 1975, and the results on the microcomputer 
system obtained in the studies on information processing systems were taken 
up to attempt the test production of a prototype incorporating polyprocessor 
system, parallel computing machines, data base machines, high level language 
machine, interactive compound terminal processor, and Japanese word pro- 
cessing machine subsystems, which was begun in JFY 1976. In addition, the 
results on the pilot models completed in JFY 1976 were used in the test pro- 
duction of a prototype incorporating printed character recognition sub- 
system, handwritten character recognition subsystem, dark-light figure 
recognition subsystem, colored figure recognition subsystem, object recogni- 
tion subsystem, and voice and sound recognition subsystem which was initiated. 
Furthermore, research on a high speed ring but system to enable communica- 
tion between these subsystems was initiated in JFY 1976 while test produc- 
tion of all prototypes was begun in earnest during JFY 1978. It is planned 
to complete all test production during this fiscal year, connect all the 
subsystems to this high speed ring bus, and make functional coordination 

and adjustments. (See Figure 2). 


A comparison between the performances of the pilot model and the prototype 
for the individual recognition systems is presented in Table 2. 





Results of the Research and Development 


The infrared semiconductor laser array which can output more than 5,000 hours 
of coherent light developed by research and development to date has made 
possible write-in and read-out of holograms. At the same time, a magnetic 
bubble memory element with 256 kilobits per chip is on the verge of commer- 
cial production basis. Other laudable developments include parts and ma- 
terials such as reversible photosensitive material and space modulation ele- 
ments. 


In the area of pattern recognition systems, better than 99 percent recogni- 
tion rate has been realized by the printed word, handwritten word, and voice 
and sound recognition subsystems. These are all eyeopening results. 


At the same time, the research and development efforts to date have resulted 
in applications for more than 390 patent items, and more than 600 presenta- 
tions have been made on research results before both foreign and Japanese 
scientific societies. In this manner, this project has made great contribu- 
tions toward improving Japan's technological level in the pattern informa- 
tion processing technology area. 
































Figure 2. Conceptual Diagram of Overall System Prototype 


Key: (1) high speed ring bus system 

(2) transmission of pattern information transmission, exchange, and 
control information 

(3) character recognition subsystem: printed characters including 
Kanji, handwritten, English numerals, symbols, Kana 

(4) pattern recognition 

(5) voice recognition subsystem: single words, voice answers 

(6) figure recognition subsyst dark-light figure, colored 

figure, graphic output 
(7) object recognition subsysi 4: rectangular group 
(8) system control 
[key continued on following page] 
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[Key to Figure 2 continued from preceding page] 


(9) interactive compound terminal; communication between user and 
subsystem, communication between subsystems 
10) printed material 
ll) compositions 
(12) voice 
13) 


(13 aerial photographs 
(14) objects 

(15) operating command 
(16) printout 

(17) Kanji output 


(18) display 
Multiple information processing device: program processing, data 
unalysis, logic decisions and such general computer processing by 
means of distributed processing 
)) multivarient parallel computations 
(21 Japanese document processing 
22) direct execution of high level language program 
(23) tile management 
(24) data base machine 
(25) accumulation and search of common information 
(26) computer processing 
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Future Plans and Anticipated Effects 


-~ 
- 
- 


sent plans call for completing test production of the prototype of the 
verall system (Figure 2) sometime during JFY 1979 and conducting perform- 
ince evaluation during JFY 1980. 


ihis overall system prototype will bring to a high level the recognition 
performance of the diiferent subsystems developed to date by research on 
the separate recognition modes and demonstrate that vast amounts of infor- 
mation can be handied by recognition and analysis of pattern information at 
practical cost and quickly. 


it is anticipated that the separate recognition systems and the pattern in- 
ormation processing system which binds these systems together in compre- 
yensive and organic manner will be made practical. In addition, the various 
parts and materials produced by research and development of this project and 
the information processing modes have brought spectacular developments to 
lapan's electronic industry technology. Furthermore. the following con- 


cepts which can be developed in the future have come into the picture (see 
f ivute 


] | : ry 5 . 
1) Utilization area for character recognition technology 


a) Automation of information search 
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Figure 3. Conceptual Diagram of Areas of Potential Utilization 


Key: (1) character information processing (7) statistical and abstracting 


(2) parents operations 

(3) national census (8) construction of maps 

(4) figure information processing (9) robot control 

(5) object information processing (10) automated ticket purchase 


(6) voice information processing 
b) Automated Braille translation system 
c) Automation of publishing process 
2) Utilization areas for figure recognition technology 
a) Remote sensing 
b) Automated diagnosis and t*eatment using x-rays and fondus photographs 
c) Application to automation 
3) Utilization areas for object recognition technology 
a) Automated warehousing 
b) Automation of goods distribution systems 


c) Automation of production systems 


4) Utilization areas for sound and voice recognition systems 





a) Automated telephone replies, reservation system for tickets, etc. 

b) Voice typewriter 

c) Information input and operation of electronic computers through voice 
d) Education equipment 

e) Individual identification system 
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RESEARCH ON VOICE RECOGNITION 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 24-25 


[Article by Shoichi Yokoyama, Syllogistic Mechanism Research Office, Pattern 
Information Department, Electrotechnical Laboratory, AIST] 


[Text] Ever since the initial days of the launching of the large project 
Pattern Information Processing System (PIPS), it was the feeling at the 
Electrotechnical Laboratory that in order to expand the capability of voice 
recognition from single words uttered by an unspecified speaker to cuntinu- 
ous voice recognition of short units would require important contributions 
from language processing, but the implementution of capability to analyze 
and extract characteristics at the sound level would be the most important 
level would be the most important item, and this area has been given great- 
est attention to date. 


When continuous speech is recognized in terms of sound elements or sound 
phrase units, one of the unresolved problems is the coupling of articulation. 
Articulation coupling involves the phenomenon of "indolence” [literal] in 
which there is a transition to the next sound element before the singular 
voice path pattern is attained which represents the sound element in a pas- 
sive manner and the phenomenon aside from the above in which the targeted 
values of the voice path change under the influence of the sound elements 
before and after. The principal factors here include that in which the 
voice is formed through the dynamic system of the voice organ of a man 

and that in which the control of voice is performed in overall manner in a 
way to realize maximum effect with small energy. 


Articulation coupling is difficult to classify from the standpoint of me- 
chanical recognition, and it has also been considered inconvenient to broaden 
the scope of pattern changes. On the other hand, it is thought that the 
phenomenon called articulation coupling is the means by which consonants 

and vocal sound information are transmitted, and there may be need to uti- 
lize such information. 
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By extracting articulation characteristic parameters which represent the 
shapes of the voice organs (voice track) from the voice wave pattern and 
the working of the sound organs, the actual state of articulation coupling 
is being observed at the Electrotechnical Laboratory, and research on a 
new voice recognition mode based on its construction and capability has 
been promoted. 


When the voice organ is considered to be a type of control system, its 
properties can be allocated to three sections. These are the properties 

of the vocal chords, bronchial tubes, and the lungs; the properties of 

the voice pathway (oral cavity, nasal cavity); and the radiative properties 
of the lips. The sound elements (a, e, i, etc.) that are the representative 
units for voice recognition are formed mainly in the voice path. If it 

were possible to separate the properties of the voice path shape from the 
voice wave pattern, it will be possible to extract effective information 
with regard to automatic recognition of voice. 


The response to such a complexly intertwined control system usually can be 
represented by the folding in process of the various components (convolu- 
tion), and a reverse calculation (deconvolution) has to be performed in 
order to separate the individual processes. In order to perform deconvolu- 
tion, it is necessary to understand the properties of the separate control 

stems, and an attempt has been made at the Electrotechnical Laboratory 

odelize the vocal chord wave characteristics including the radiative 

properties to separate the properties of the voice path shape. 


That is to say, in the case of the usual vowel voiced sound (this source 

of sound is in the glottis where vibration of the vocal chords vibrate the 
voice path to make the sound and includes vowels, semivowels, and a portion 
of the audible consonants), the outline of the power spectrum obtained in 
the voice analysis is considered to be the properties of the vocal chord 
waves including radiative properties, and the model was created on the basis 
that these are made up of low-order linear systems. After estimating these 
properties through a combination with a self regression model, a filter with 
inverse characteristics was used to remove the vocal chord wave characteris- 
tics, and the power spectral outline of the voice wave was smoothed out. 
[his operation (accommodation reverse filter method) made possible the 
realization of a product with properties close to those of the voice path, 
and application of the linear prediction method made possible the extrac- 
tion of the cross-sectional structure of the voice path. 


Spectral analysis conducted in the past considered the entire voice path as 
a black box, and attention was directed at the relationship between input and 
output. In contrast, the voice path pattern involves entering the internal 
construction of the formation process to make observations. 


(he method of separating voice path properties by the accommodation reverse 
filter method can be applied to linear prediction analysis or correlation 











analysis in addition to voice path shape estimations. The usual voice 
analysis is conducted without separating voice path characteristics or 
sound source characteristics so that the correlation factor is greatly 
influenced by the slope of the spectrum. The smoothing out of this slope 
in accommodative manner removes peripheral noise which varies in timewise 
manner, assures dynamic range for the analysis, and enhances the analytical 
precision in the high value regions. In addition it enables separation of 
the sound source characteristics in approximate manner to have the effect 
of normalizing speaker factors. 


Since the shape of this cross-sectional area is obtained as a relative value, 
there is need to tie in with the working of actual articulation organs (for- 
ward and backward movement of the tongue, opening and closing of the jaw, 
etc.), and to construct a model. This is the articulation model, and re- 
search is being pursued using a model with the tongue being approximated 

by a round cylinder (the forward and rear sections use separate cylinders 

for consonants as will be discussed later). 


The discussion above was directed at vowel sounds. A separate method be- 
comes necessary to treat plosives (/p,t,b,g/), nasals (/m/,/n/), and 
fricatives (/s/). When seen from the standpoint of the organ involved, 
the sound source for nasals is in the glottis section, and it is thought 
that the sound reverbrating organ is divided into the two sections of voice 
path and nasal cavity (the latter essentially remains unchanged in shape). 
In the case of plosive sounds, the sound origin is thought to be the lips 
or the teeth section while the origin of fricatives is in the voice path- 
way between the tongue and upper jaw. Recent trends treat the enunciation 
of vocal sounds other than vowels is a systematic manner through voice 
synthesis, but difficulties still are experienced as far as voice recogni- 
tion is concerned, and there is no other recourse but to compile research 
on each individual case. 


For example, the autoregression model (with only the extremes) which is con- 
sidered effective method for voice analysis is combined with the transitory 
flat type model (with only zero) to make up the so-called ARMA model is 

said to be effective in handling nasal sounds. On the other hand, there 

are many problems in the area of repeated computations and stability when 
this model is compared to the autoregression model. Research is being con- 
ducted at the Electrotechnical Laboratory to bypass the power spectral re- 
gion and adopt a method for using the direct time region in order to provide 
stability to this model. 


In addition, the plosives Ba, Ta, and Ka are very rapid phenomena, and these 
are difficult to capture unless a high density of analysis in the time 
direction is created, and these are also easily influenced by the vowels 
which follow. Research also is being conducted on dynamic pattern treatment 
method and effective standard pattern construction method when these have to 
be discriminated. 
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In order to efficiently analyze continuous speech through a combination 

of the various analytical methods discussed above, it is necessary to judge 
beforehand whether the input sound is vocal, nonvocal, or plosive and then 
.oply an analysis suited to that sound. In other words, the so-called ac- 
commodative type voice analysis becomes necessary. A system in which ana- 
lytical conditions suitable for extracting characteristics of the input 
voice in accommodative manner are selected to facilitate voice path shapes 
and power spectral estimations has been developed at the Electrotechnical 
Laboratory. This system systematizes the Japanese vowels based on voice 
path shapes, possesses localized vocal sound discriminating capability, 
and is being developed to incorporate other new analytical methods. 


There are occasions even with continuous speech in which speech which to 
the human ear seem to be distinctly separated souid elements may display 
the presence of completely different sound when the "transition" from sound 
element to sound element is analyzed depending on the phenomenon of articu- 
lation coupling that arises in the articulation organ. Research is also 
being conducted on this transitional behavior directed at just how to treat 
such occurrences based on the observations of articulation coupling. 


At the same time, research is also directed at large speech units such as 
phrases and sentences at the same time study on short units such as sound 
elements is being conducted. Vocal accents and intonations are called 
‘hythmiec characteristics, and their properties have not yet been adequately 
elucidated. The Electrotechnical Laboratory is examining the relationship 
between these properties and breaks and construction through the use of the 
varying patterns of basic voice frequencies which are thought to have strong 
tiein with these features by, for example, using broken line approximations 
to extract the characteristics. 


At the present time, research has been limited to the male voice. It is 

a strange feeling to realize that female and children voices generated with 
a large difference in length of voice path should sound so pleasing to the 
human ear. Once a regular assembly of these differences is established, a 
very powerful tool for handling the speech of an unusual speaker will be 
available. Work is also being pursued at the Electrotechnical Laboratory on 
this problem using formalization methods involving reverse asymmetry voice 
path function estimation method and reverse asymmetry axis. 


The above has been a rather haphazard discussion of a number of research 
subjects, but there are still many areas that were not discussed. The ac- 
counts of research to date are given in the English translation "Pattern 
Information Processing System Survey and Research Report (PIPS Report)" 
ind the Japanese version published as proceedings of the Japan Acoustics 
Society, and the reader is referred to these reports for the details. 











At the present time, research is directed at the characteristics of con- 
sonants, particularly the elucidation of the characteristics contributing 
to the distinction between the nasal sounds Ma and Na, and considerable 
progress has been made. 


The subject of voice recognition (understanding) requires even greater 
efforts and time even under restricted conditions. It is thought that a 
practical viewpoint based on experiments and a spirit directed at obtain- 
ing the essence of the subject need to be combined to accumulate research 
results in trustworthy manner in order to achieve the goal. There remain 
many more problems to be resolved including tying-in with language. 
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TECHNOLOGY FOR DIRECT STEELMAKING USING HIGH TEMPERATURE REDUCING GAS 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 p 26 
[Article by Masaharu Takamatsu, Office of the R and D Officer, AIST] 


[Text] Japan's steelmaking industry has undergone eye opening develop- 
ment since the end of World War II. The foundation for this development 
includes the enlargement of blast furnaces and the use of LD converters 

to enable integrated steel production plants, and this technology is given 
high marks throughout the world. In the area of crude steel production 
Japan ranks third in the world, behind to the United States and the Soviet 
Union. In the midst of this expansion in production capacity, the steel 
industry is engaged in efficient utilization of energy, and the steel in- 
dustry has been consuming about 17 percent of the total energy consumption 
of Japan. 


If there is any single outstanding problem in the steelmaking industry, 
it is the problem of raw materials. The principal raw materials required 
by the steel industry are iron ore and coking coal, and Japan depends on 
imports from overseas for these sources. In view of the vast resources 
of iron ore reserves in this world, there does not seem to be the possi- 
bility of volume restrictions for a while, although there may be some in- 
creases in price. 


In another direction, the reserves of coal are much greater than those of 
the other fossil fuels, oil and natural gas, but coking coal suitable for 
use in steelmaking amounts to but one-fifth of the total coal deposits. 
At the same time, there is not as much bias in the location of such coal 
deposits as is the case of oil; however, here again there is a concentra- 
tion of these deposits in the United States, the Soviet Union, and China. 
When viewed from the long term, there is a trend to insufficiency on a 
world widescale, and some anxiety creeps in with regards to assured supply 
when the anticipated future increase in demand is considered. The price 
of this raw material has been increasing sharply just as oil prices since 
the oil crisis. 
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The lessening of our dependence on coking coal and diversification of 
energy resources is an urgent problem for a country of Japan's predica- 
ment which is so poor in natural resources. Furthermore, nuclear energy 
which is being promoted as an energy substitute for oil presently is used 
only in electric power generation. It is necessary to consider the appli- 
cation of process heat if the share of nuclear energy in the overall energy 
picture is to be increased. 


Nuclear energy steelmaking is the marriage between the conversion of steel- 
making dependence to sources other than fossil fuels and the application of 
nuclear energy to areas other than electric power generation. That is to 
say, nuclear power steelmaking involves the use of heat from a nuclear re- 
actor to provide reducing gas raw material which will be available for long 
period at low cost--reduced pressure residual oil (asphalt)--to generate the 
reducing gas. 


The Agency of Industrial Science and Technology took up this project as one 

of the themes of the Large Project System in JFY 1973 with the purpose of 
reducing dependence on coking coal, promote diversification of energy sources, 
and lower pollution-causing emissions from blast and converter furnaces. 
Nuclear steelmaking technology R and D is divided into first and second 
Stages. The objective of the second stage is to complete a direct steel- 
making pilot plant which then will be connected to a 50,000 kW thermal out- 
put multiple purpose high temperature gas-cooled experimental reactor that 

is to be constructed by the Japan Atomic Energy Research Institute. The 

first stage plan covering the 7-year interval between JFY 1973-79 was directed 
at research and development, and 13.2 billion yen was allocated, to establish 
the technology necessary for the design, construction, and operation of this 
pilot plant. Research and development on the total system for this plant 

and its principal elements technology is being promoted to this end. 


Since technology covering a wide area is incorporated into this project, the 
Nuclear Energy Steelmaking Technology Cooperative was established in 1973 

to serve as the organ to effectively execute this plan. A contract was drawn 
up with the Agency of Science and Technology, and research and development 

is being promoted. At the same time, the National Research Institute for 
Metals under the Agency of Science and Technology is participating in this 
project as a government research organ and is conducting research on super 
heat resistant alloys. 


Research on the utilization of nuclear heat as process heat is under way in 
foreign countries, but Japan as yet is the only country in which hardware 
research of the level directed at nuclear steelmaking is being conducted. 
West Germany has expressed interest in the high temperature heat exchange 
system, reducing gas production facility, and the results obtained with 
super heat resistant alloys developed by this project and has requested 
participation in cooperative research. 














In the past, Japan has actively promoted import of technology to bring it- 
self up to today's status of a leading industrial country, but it seems that 
it will have to develop technology of a leading nature worldwide from here 
on. This is one of the reasons there are such great hopes for research and 
development on this nuclear power steelmaking project. Continuing from the 
first stage with its abundant results, there is need to actively promote 

the second stage plan for docking with the experimental reactor together 


with the development of the reactor itself. 
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RESEARCH ON HEAT RESISTANT ALLOYS 
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[Article by Toru Watanabe, National Research Institute for Metals, Science 
and Technology Agency] 


[Text] This paper will discuss heat resistant alloys used in the system to 
produce iron by the reduction of iron oxide using high temperature reducing 
gas produced by the utilization of the heat carried by helium gas from a high 
temperature gas-cooled reactor. The high temperature helium gas exiting from 
a nuclear reactor is under the very severe conditions of 1,000°C and 40 atmo- 
spheres pressure. As a result, this system uses this gas to heat another 
batch of helium gas, partitioned into a separate system from the primary 
helium, to 950°C through the medium of an intermediate heat exchanger. This 
secondary high temperature helium gas is then used to heat the steam neces- 
sary in the production of high temperature reducing gas from reduced pressure 
residual oil and then heating this reducing gas to the necessary temperature. 
This heating is performed with heat exchangers in which gas passing through 
pipes are heated from the outside. In order to attain the targeted tempera- 
ture, the material making up these pipes must not only be resistant to high 
temperature but also be able to perform for long periods without being cor- 
roded by impurities in the 1,000°C helium gas (H,0, Ho» CO, CO», etc.), high 
temperature steam, and reducing gas. In order to develop heat resistant 
alloys with the properties described above, the first objective in this pro- 
ject waa the development of material for the intermediate heat exchanger that 
can withstand 1 kg/mm* stress when exposed to 1,000°C helium, be used for 
more than 50,000 hours, can be machined to 5 mm thickness and 25 mm outer 
diameter, and can be welded. 


To this end the Agency of Industrial Science and Technology formed a super 
heat resistant alloy working group comprised of experienced and academic 
people and industrial representatives, and the effort was initiated in 
July 1973. 


At the same time, the basic policy of this super resistant alloy develop- 

ment was to receive proposals for super heat resistant alloys from several 
makers of these alloys, particularly those with latent potential for achiev- 
ing the targeted objectives given above from which those alloys thought to 
have the greatest potential of fulfilling the desired goal were to be selected. 
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The national research organ, the National Research Institute for Metals, 
then was to test the performance of these alluvys particularly with respect 
to creep and compare the different alloys and compile data to serve as 
standards. 


Test Research Items at the National Research Institute for Metals 


The following eight items were targeted for study during the first period 
(JFY 1973-79). 


1) Creep rupture tests in air atmosphere 

2) Creep rupture tests in helium 

3) Creep rupture tests in H. + CO gas 

4) High temperature corrosion experiment (in He atmosphere, in steam) 
5) Hydrogen permeation tests 

6) High temperature tensile tests in different atmospheres 

) Carburization tests 


58) Test measurements on heat transfer rate and thermal expansion coeffi- 
cient 


Creep Rupture Tests in Atmosphere 


When metallic metals are used at high temperature, forces so small that they 
would be of no concern at low temperature can cause deformation over the 
course of time. This behavior is called creep, and the phenomenon in which 
this creep causes material failure is called creep rupture. The intermediate 
heat exchanger material which has been alluded to all this time is subjected 
to 40 atmospheres internal pressure (since 45 atm is applied from the out- 
side, it is the case that this material is actually not exposed to 40 atmo- 
spheres pressure) at 1,000°C. At the same time, this material is also sub- 
jected to thermal stresses at the time of starting and stopping as well as 
those exerted by the weight of the pipes themselves. Should a weak alloy 

be used, creep deformation sets in on long term usage to eventually result 

in rupture and thereby become a potential source of a major accident. The 
most important property of a heat resistant alloy used in a heat exchanger 

is small creep deformation under a fixed set of conditions. At the same 
time, any creep fracture must require very long time. The first objective 

of the first stage plan of this project was =he development of a heat re- 
sistant alloy capable of more than 50,000 hours of continuous operation, 

and this alloy was expected to be capable of more than 10,000 hours contin- 
uous operation when scaled up to industrial size. The material had to satisfy 
creep rupture tests at least up to 30,000 hours or more if such long term 
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life were to be assured. This is why the creep rupture tests conducted 

at the National Research Institute for Metals were centered on tests at 
1,000°C for up to 5,000 hours, at 1,000°C for 10,000 hours, and at 1,000°C 
for 30,000 hours. In addition, there were accelerated tests at 1,050°C, 
and tests at 900°C for materials used in systems other than the intermedi- 
ate heat exchanger (steam reformer, reducing gas heater, etc.). 


The results of these creep rupture experiments made possible the selection 
of an alloy from the list of the candidates proposed in 1973, and alloys 
based on the former Ni-base heat resistant alloys but with the best creep 
rupture strength and properties considerably better than those of Inconel 
617 alloy were obtained, and these alloys are presently undergoing verifi- 
cation tests. The fact that such superior heat resistant material was 
obtained is a very pleasant experience for this country which has relied 

in the past mainly on imported technology with very little thought of self 
development, and the heat resistant alloy industry of Japan received a major 
boost. This is an item believed to merit very high marks. 


Now, the alloys prezosed in JFY 1973 included many incorporating CO to en- 
hance high temperature strength, and layers or whiskers form on the surface 
of the tubes from long term use at high temperature. Should this scale off 
and get into a reactor, harmful radioactive material could be produced and 
there is the possibility of creating a hazardous situation. Therefore, 
proposals for new alloys not incorporating CO were received in 1975, and 
these are being tested presently at the National Research Institute for 
Metals. Alloys which are not inferior but superior to those proposed in 
1973 are found on this new list. 


Experiments in Helium Atmosphere 


Tests in the atmosphere have been described to this point, but the high 
temperature heat exchanger is intended to be used in an atmosphere that is 
the helium coming out of a high temperature gas cooled reactor. Helium is 
a typical inert gas, and this atmosphere does not cause oxidations and re- 
ductions. At the same time, there is essentially no corrosion of the heat 
exchanger material resulting from this helium. Now this helium circulates 
around the nuclear reactor as a result of which it usually contains im- 
purities in the form of Hy, co, CO,, CH,, H,0, and such. At the present 


time, Japan has had no experience in operating a high temperature gas re- 
actor so that an exact decision cannot be made, but impurity levels of 300 
ppm H, 100 ppm CO, 1 ppm CO, 4 ppm CH, and 3 ppm H»0 are anticipated. 


These trace impurities interact with the heat resistant alloys at high 
temperature giving rise to carbon extraction and grain boundary corrosion, 
and it is said that the aforementioned creep behavior involves phases con- 
siderably different from those seen under atmospheric conditions. With 
this background, the National Research Institute for Metals established a 
helium atmosphere creep rupture test facility at its Tsukuba Branch Labora- 
tory where creep rupture tests are being conducted at 1,000°C, 1,050°C, and 
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900°C while helium with the concentrations of impurities given above is 
circulated. This type of tests requires not only complex test facilities 
but maintaining constant impurity levels, making them very difficult to 
conduct. At the present time, data for about 10,000 hours are available. 


In addition, the helium gas coming from an actual high temperature gas 
reactor does not always approximate the composition that was given above, 
and high temperature corrosion tests are underway in which five different 
gas compositions will be used. 


Experiments in Atmospheres Such as Reducing Gas 


The metallic materials used to fabricate the facility to produce reducing 
gas to reduce iron ore and the heat exchanger to heat reducing gas to 850°C 
with the 950°C helium gas coming from the intermediate heat exchanger are 
required to possess high creep strength and superior corrosion resistance 
in a reducing gas consisting primarily of H»» CO, and co,. Should HH. which 
is one of the principal components of this reducing gas permeate the side 
wall of the heat exchange pipes and mix in with the helium and then be in- 
troduced in the reactor, the core will suffer severe damage. As a result, 
the hydrogen permeability of the heat resistant alloy also becomes one of 
the items of evaluation for the heat resistant alloy. In addition, some 
thought also needs to be directed at corrosion of the alloy when exposed 

to high temperature high pressure stream. 


he National Research Photograph 1. Helium Atmosphere Creep 


T+ 
Institute for Metals is Rupture Test Facility 


in charge of these experi- 
ments. Since it is neces- 
sary to handle H, gas which 
is explosive, CO gas that 
is not only explosive but 
also toxic, and high tem- 
perature high pressure 
steam, a facility that 
takes into account safety 
factors against any trouble 
from such sources has to be 
designed and a thorough- 
going control system has 

to be set up for the ex- 
periments. These experi- 
ments are being conducted 
taking all these safety 
measures into account. 
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[Article by Keiji Shimokawa, Atomic Energy Steelmaking Technology Research 
Association] 


[Text] The Atomic Energy Steelmaking Technology Research Association 
created in May 1973 signed a contract with the Agency of Industrial Science 
and Technology and has been conducting research and development. The first 
stage was intended for the development of the principal constitutive ele- 
ments of the nuclear power steelmaking process, and JFY 1979 will be the 
last year for this first stage. The research conducted over the past 6 
years have attained a status such that the targets established by the Agency 
of Industrial Science and Technology seem achievable. 


Progress Status of Research and Development 
1) High Temperature Heat Exchanger 


The high temperature gas reactor is claimed to be a clean nuclear reactor 
from which there is extremely small discharge of radioactive materials. 
This large project proposes a further enhancement of system safety through 
the installation of an intermediate heat exchanger which extracts the heat 
from the primary helium coming out of the nuclear reactor and transfer this 
heat to secondary helium which is then used for process heat in the system 
that has been adopted. It was necessary to establish completely new design 
standards for this heat exchanger in order to be able to handle heat trans- 
fer at temperatures close to 1,000°C. In addition, much basic research was 
required for design and fabrication. The results of such researches were 
the basis for the design and fabrication of helical coil intermediate heat 
exchangers with 1.5 MW heat exchange capacity and high temperature helium 
test loops. Roughly 4.3 billion yen was spent before these were completed 
in June 1978. The building housing the test loops is shown in Photo l. 

The operations are taking place in fairly good order, and performance rec- 
ords of 2,051 hours of helium circulation operation, 800 hours high tem 
perature operation at 900°C or higher, and 406 hours rated-load operation 
at 1,000°C have been compiled. 











2) Super Heat Resistant Alloys 


It is said that the heat transfer material used in the intermediate heat 
exchanger must have creep rupture strength of at least l kg/mm? for 50,000 
hours at 1,000°C. Since no material on hand possessed such property, the 
development of this heat resistant alloy became an important theme, and 
development was initiated on a super high temperature resistant piping ma- 
terial of 5 mm wall thickness, 25 mm external diameter, and at least 7 
meters length. There have been 11 proposals for such alloys since the 
inception of this program, and properties tests are being conducted on five 
such materials at the present time. Tests such as creep rupture tests in 
different atmospheres, corrosion tests, hydrogen permeation test, heat trans- 
fer rate measurements, and linear thermal expansion coefficient measurements 
are under way at the National Research Institute frr Metals. 


3) High Temperature Thermal Insulating Materials 


This involves the development of insulating material that will retain insu- 
lating properties over long duration and in stable manner in a high tempera- 
ture helium environment. Quartz glass fiber type insulator and alumina- 
Silica type fiber type insulator are the subjects of this developmental 
effort, and research on method of manufacture and tests on material proper- 
ties is under way. 


Material development is directed mainly at repressing the devitrification 
behavior and minimizing the contraction rate of quartz glass fiber and to 
improving the recovery rate of alumina-silica family material. As far as 
devitrification is concerned, this behavior has not been observed as yet. 

The very extreme contraction rate of less than 0.1 percent after 50,000 

hours at 1,000°C has been stipulated, and it was possible to meet this con- 
dition through the proper selection of starting material, appropriate sinter- 
ing temperature, and adequate sintering time. A recovery rate of more than 
20 percent is the targeced value after 50,000 hours at 1,000°C. Tests using 
temperature gradients have given some favorable results. 


Research on methods of producing thermally insulating structures combining 
quartz glass fiber with alumina-silica fiber and tests on the thermal insu- 
lating properties of these structures are being conducted. 


4) Reducing Gas Production Facility 


After reduced pressure residual oil has been decomposed with high tempera- 
ture steam, the light hydrocarbons go to a steam reformer while the pitch 
goes to a gasification facility which consists of two fluidized layers 
where the pitch is converted to reducing gas, and low sulfur fuel oil is 
produced at the same time. Development of a heat exchange steam reformer 
using high temperature helium and pitch gasification facility is being 
promoted in this project. All these developments were preceded by basic 
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research. In the case of the former, a test plant to process naphtha at 
the rate of 100 kg/h was completed at the end of May 197@ while a test 
plant for treating pitch at the rate of 200 kg/h was completed at the 

end of September 1978, and both plants are now operating. The steam re- 
former logged 2,700 hours operation by the end of June 1979 wiile the 
pitch gasification facility has racked up 1,500 hours operation, and im- 
portant information on facility development has been obtained. The steam 
reformer test plant ic shown in Photo 2. 





Photograph 1. High Temperature Helium Test Loop Building 
5) Reduced Iron Production Facility 


The development of a high pressure shaft furnace was required from the 
standpoint of compatability with the nuclear power steelmaking system. 
Research was conducted on the reduction reaction under high pressure and 
equipment of the shaft furnace. 


A shaft furnace simulator was constructed for the specific purpose of study- 
ing this problem, and detailed research in the high pressure reduction reac- 
tion of iron ore was conducted to select optimum reducing gas composition 
and pressure. In addition, data necessary to the design of high tempera- 
ture shaft furnaces were compiled. At the same time, research on charging 
and discharging devices was conducted using a cold model, and these results 
combined with the research results on gas flow within the shaft furnace led 
to the completion of the conceptual design of a 2,000 T/day high pressure 
shaft furnace. 











Photograph 2. Steam Reformer Test Plant 


6) Total System 


We have dubbed the nuclear power steelmaking system to be coupled to 

the 50 MWt high tenperature gas reactor planned for construction at the 
Japan Atomic Research Institute the FM 50. Research on the total system 
is aimed at coming forth with the conceptual design of this FM 50 system. 
The basic plan involves the result of studies which have been compiled in 
Figure 1. Primary helium entering the intermediate heat exchanger comes 
in at 990°C and 40 atm pressure while the secondary helium leaving this 
heat exchanger is at 925°C and 45 atm. There is a steam heater, stean 
reformer, and reducing gas heater deployed in parallel array to the high 
temperature side of this secondary helium loop while a steam generator 

is installed to the low temperature side. Steam heated to 850°C at the 
steam heater is utilized in the decomposition of reduced pressure residual 
oil and gasification of pitch. Gas from the steam reformer and the re- 
ducing gas from the pitch gasifier pass through the shift converter where 
it is temporarily coo!’ :d to enable compositional adjustment after which 
they are once more heated to 350°C at the reducing gas heater and fed 
into the shaft furnace. The gas exiting from the top of this shaft furn- 
ace is for the most part circulated in the closed system that has been 
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adopted. Conceptual design of this FM 50 system including system makeup, 
heat and material balances utility design, plant layout, basic operating 
design, basic control design, and basic plan for the instrumentation sys- 
tem is underway. 
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Figure 1. Conceptual Design of Nuclear Steelmaking System 


(1) nuclear reactor (16) power generation with 450°C steam 
(2) reducing gas circulation and other uses 

(3) direct steelmaking (17) 450°C steam 

(4) ‘intermediate heat exchanger (18) 850°C steam 

(5) secondary helium (19) high temperature gas reactor 

(6) steam heater (20) primary helium 

(7) steam generator (21) reduceu pressure residual oil 
(8) water (22) steam decomposition 

(9) helium loop (23) naphtha 

(10) raw materials for reducing gas (24) pitch 

(11) steam system (25) steam reformer 

(12) reducing gas system (26) reducing gas (H, + CO) 

(13) reduced iron system (27) reducing gas purification system 
(14) iron ore (28) reducing gas heater 

(15) exhaust gas (29) direct steelmaking shaft furnace 


[key continued on following page] 














[Key to Figure 1 continued from preceding page] 


(30) fuel oil (34) electric furnace 
(31) oxygen (35) steel ingots 
(32) gasification facility (36) rolling mill 
(33) reduced iron (37) steel 


Situation in Foreign Countries 
1) United States 


The United States Steel Association set up a task force to investigate the 
technological and economic possibilities of nuclear power steelmaking in 
1973. This task force discovered a number of reasons why the technological 
development of nuclear steelmaking should be followed, and an appeal was 
made to the government to provide developmental funds. However, there was 
no followup except for the selection tests on heat resistant materials. Re- 
cently, however, there has been renewed efforts to reassess the utilization 
of process heat from high temperature gas reactors, and there is a movement 
to form a users group including steelmakers, gas suppliers, and chemical 
industry members. 


2) European Nuclear Energy Steelmaking Club (ENSEC) 


The steelmaking industries of seven European countries formed the nucleus 
of ENSEC in September 1973. Research was promoted through four working 
groups, but they all terminated their programs after the compilation of 
reports. There is no evidence of ENSEC activities at the present time. 


3) West Germany 


With active assistance from the government, the developmental project "PNP" 
plan to utilize heat from a high temperature gas reactor in the gasification 
of coal was initiated centered on the Julich Nuclear Laboratory where joint 
research on the part of five companies is underway. Research on water- 
additive gasification of lignite and steam decomposition of bituminous coal 
for gasification is underway presently and test plants of 200 kg/h each are 
being operated as the prime activities. Development of a 500 MW high tem- 
perature gas reactor for process heat is progressing according to schedule. 
This project is not specially directed at nuclear power steelmaking but it 
designed more to use nuclear process heat to gasify lignite and coal for 
wide industrial use and for civilian needs. 


Concluding Statements 
This large project has taken up 13.2 billion yen during 7 years and engages 
the efforts of more than 500 researchers and technologists. The initial 


plans have been followed closely, and development of technology in compli- 
ance with various demands has been promoted while all-out efforts are being 
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directed at completing the first stage. The second stage will involve 
actual development of the nuclear power steelmaking “system,” and it is 
expected that research and development will be continued with particular 
emphasis on demonstrating safety. 
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AUTOMOTIVE COMPREHENSIVE CONTROL TECHNOLOGY 

Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 33-36 
[Article by Masakuni Yamazaki, Office of the R and D Officer, AIST] 
[Text] Need for Development 


Highway traffic in large cities is associated with serious social problems 
such as pollution, accidents, and congestion brought about by the increase 
in number of automobiles. The peak traffic fatality of 16,765 experienced 
in 1970 has been successfully lowered to 8,945 in 1977 as the result of 
traffic safety policies, but the number of automobiles and the number of 
licensed drivers are increasing by the year (there were 35 million auto- 
mobiles and 38,990,000 licensed drivers at the end of 1978) as a result 

of which atmospheric pollution and traffic congestion remain as chronic 
conditions. There is great need for the development of policies to remedy 
this present situation. This project was started in 1973 scheduled for 7 
years, and it is directed mainly at "the control of automobile traffic in 
an overall manner." It will engage computer technology to pursue its in- 
tended goal of developing an information system for automobile traffic ex- 
ploiting the latest technology. 


Outline of Technology 


The systems presently used in traffic control are for the most part wide 

area signal control systems. This type of system measures traffic flow for 
an entire region and controls the stop-go patterns of various signal lights 
through centralized control in order to alleviate traffic congestion. This 
type of system is used in 40 major cities of Japan. In contrast, the pres- 
ent project envisions a system that will make possible overall comprehensive 
traffic control through five subsystems (route guidance, running information, 
emergency reports, variable situation board, and public vehicle priority sub- 
systems) in which the route guidance subsystem is the main member. The 
capability of this route guidance subsystem involves the driver entering a 
code designating his destination at the time he gets into his automobile 
whereupon there is a display within his vehicle of the traffic situations 














at the major intersections before he comes to them to show whether the 
situation is faverable for left or right turn or direct continuation of 
his direction cf travel so that the driver can avoid areas of congestion 
and get to his destination in the minimum time. This subsystem further 
has the capability of more appropriate distribution of traffic over an 
entire area making possible easing of congestions and reduction in over- 
all driving time. 


The other subsystems are described briefly below. 





The running information subsystem is, designed to prevent accidents by trans- 
mitting and displaying within a vehicle traffic restraints such as temporary 
stoppage or speed restrictions and sounding an alarm when the posted speed 
is exceeded by the vehicle. 


The emergency information subsystem broadcasts local information on emer- 
gencies such as incidents of disasters or atmospheric pollution through 
roadside facilities which are received over the car radio. It can provide 
traffic information when things are normal. 





The variable information board subsystem is designed to provide the capa- 
bilities of the above mentioned route guidance subsystem to automobiles not 
equipped with that capability. It displays a small network of the routes 
upon which are displayed the congestion situation, and the driver then is 
able to select his route. 





The public vehicle priority subsystem detects the routes of ambulance and 
route bus emergency and public vehicles and effects signal controls to give 
these vehicles priority in going through intersections. 








Point of Research and Development 


The most important point of this research and development is the development 
ot a system to be introduced into actual cities as a social system which is 
to be realized through an optimum total system when seen from the social, 
economic, and technological viewpoints. At the same time, there is need to 
develop the best suited software, ground equipment, and vehicle based equip- 
ment to enable effective implementation of this system, and these three 
points make up the essence of the objective of this program. 


Ll) Research will be conducted om an algorithm to enable optimum control 
of traffic which varies with time through a system that will be effective 
in resolving the various problems associated with urban traffic using sys- 
tem design that is economical and is technologically feasible and operable. 


2) Establish communication technology such as electromagnetic induction 

and millimeter wave communication which is a coupling of two-way communica- 
tion between a moving automobile and a roadside unit, which overcomes urban 
noise and various radio interferences to enable communication in very short 











time, and which is a reliable information exchange technology. At the 
same time, develop a roadside unit which possesses high reliability to 
operate under the harsh environmental conditions and with many capabili- 
ties packed into a small volume. 


3) Develop vehicle-borne equipment which takes into account the physio- 
logical and mental elements of the driver during vehicle operation which 
is associated with superior information submission mode from the stand- 
point of human engineering and which has high reliability, is low in cost, 
is small, and is light. 


Synopsis of Research and Development Results 


When this project was started in JFY 1973, basic research and basic test 
production were conducted along the lines of 1) system design and traffic 
control mode, 2) communication mode, roadside equipment, 3) vehicle equip- 
ment. Development of software for the traffic control mode test construc- 
tion of system equipment for evaluation purpose, and execution of "small 
scale experiments" within a plant were undertaken during JFY 1974, and it 
was established that these software and hardware attained their target per- 
formance. These results were the basis for the production of software and 
hardware to assembly a pilot system that took up the efforts during 1975, 
1976, and the first half of 1977. The equipping of the experimental area 
was completed, coupling tests of constitutive elements, and basic system 
tests for establishing overall performance were completed, and the pilot 
system was completed. 


The pilot system was one in which the participants were the National Police 
Agency, Ministry of Construction, and the various prefectures all of which 
are government offices with an interest in the traffic problem. The vehicle 
equipment was designed with the drivers in mind who were ordinary citizens, 
making this a social system. In addition, this system is one which was 
tested on an actual urban scaie in actual traffic flow in order to demon- 
Strate its ability to control the actual complexities of urban traffic. 
Comprehensive experiments were conducted for a year starting in December 
1977 from which experimental data were accumulated, normal operation was 
maintained, and operational research to rectify interference was conducted 
(the experimental contents will be discussed below). 


From the many results on element technology making up this pilot system, the 
following are cited as some of the major results of this research and de- 
velopment. 


1. Roadside Computer for Route Guidance 
Computers have been used in the past in a protected environment such as an 
airconditioned area. The roadside route guidance unit of this system has 


‘he capabilities of a central processor, main memory, read only memory, and 
rrupt control device with a memory of 8K words and 16 channels. Because 
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it is installed on the roadside, it must withstand severe environmental 
conditions such as wind and rain, lightening, high and low temperatures, 
vibrations, and radio noises. About 100 computers were test produced 
which were each encased in a 150 iiter or 100 liter containers, opening 
up a new role for computers. 


2. Two-Way Communication System with a Moving Body 


A roadside unit to vehicle communication system was completed in which 
two-way communication between a roadside unit and an automobile traveling 
at LOO km/hr was achieved through a 162-bit digital information exchange 
with communication error less than 1074 through the use of very weak radio 
waves and loop and ferrite coil antenna which represented a great improve- 
ment over the one-way voice (analog) guidance system of the past. 


3. Vehicle Unit for Route Guidance 


The vehicle-based unit mentioned in the preceding paragraph consisting of 
communication section, information processing section, and display section 
was miniaturized and made over into a low power consuming unit through the 
use of LSI and provided with capability of withstanding environmental ef- 
fects. In this manner the world of information available to an automobile 
which in the past was restricted to the radio was greatly expanded. 


4. Traffic Prediction Algorithm 


A numerical model which predicts 15 minutes and 30 minutes in advance the 
time required to cross certain intersections within a running network using 
actually measured values in experimental vehicles was developed, and this 
unit makes up the core of the control capability of this project. 


5. Minimum Time Route Search Hardward Simulator 


The volume of computations for determining the optimum route within a high- 
way network is astronomical, but the development of a simulator which has a 
LSI core and simulates network makeup and traffic flow situation has suc- 
ceeded in great reduction in the required computational time and miniaturi- 
zation of the unit. 


6. Millimeter Wave Communication System 


The 60 GHz milliwave band close to the radio wave border is associated with 
strong oxygen absorption, making broadcasting out of the question. Despite 
this shortcoming, it can be used for communications between a roadside unit 
and a running vehicle in which about 1 million bits can be transmitted in 

30 milliseconds. This large volume of information can be given in the form 
of graphic display or voice message, and wide applications are anticipated. 
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?. Emergency [Information System 


This is a system for voice of broadcasting emergency or normal traffic in- 
formation with a range of about 400 mon the highway. It is made up of 

an automatic compiler central facility, leak coaxial cable antenna on the 
roadside transmitter, and adapter for car radio connection. The first 

type of emergency information is on major incidents such as disasters, while 
the usual second type information is on congestion information or detour in- 
formation. The first type information is broadcast regardless of the driv- 
er's volition while the second type is information which a driver can select 
at will. At the same time, it is provided with a direction valve discrimi- 
nation capability to provide separate information to traffic going in oppo- 
site directions. 
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Figure 1. Make-up of Route Guidance Subsystem 


Key: (1) comprehensive automobile control system 
(2) roadside processing section, communication control section 
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8. Contents and Results of Pilot System Experiment 


The pilot system experiment was conducted as a five subsystem study cover- 
ing a 30 km* area of the southwestern district of Tokyo centered on Meguro- 
ku (about 100 km of roads) in which 121 roadside units and 1,330 automo- 
biles were used. The installations used in this experiment include an 
experimental center with computer and control desk, data transmission cir- 
cuit to tie the center to the roadside units, roadside units installed 
along the highways, antenna to enable communication between automobile 

and roadside unit and automobile based unit to transmit destination code 
and direction of driving display. This was the 5-group division, and the 
makeup of this pilot system is shown in Table 1. The results of this ex- 
periment are given in a separate report so only a part will be presented 
nere. 


Table 1. Makeup of Pilot System 








Item contents, scale 
district | southwest section of Tokyo 
_ ; 2 
area of district | about 30 km 
number of guided intersections | 70 (general), 15 (main city intersections) 


number of roadside units 


for route guidance 103 
for running information 5 (on line), 10 (off-line) 
for emergency use | 9 
for variable information board | 3 
for millimeter wave communication | 1 


number of transmission antenna 
facilities 


loops 255 sites (582 lanes) 
ferrite coil 20 sites (36 lanes) 
leak coaxial cable 9 points (about 400 m) 
horn (for millimeter wave use) one site (2 lanes) 


number of equipped vehicles | 

for route guidance | 330 units 
for running information 
for information collection 1,000 units 


for emergency information 30 units 
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[Table 1 Continued |] 
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ee Item a contents, scale 
for millimeter wave use 2 units 
total number of vehicles 1,330 units 
vehicle receivers 179 


experimental center 


electronic computer system NEAC 2200-375 l 
NEAC 3200-70 4 
HIDIC-350 1 


one minicomputer 


control room wall type display model l 





| CRT 6 
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Summarizing the results of the guidance subsystem test, a comparison of the 
situati-n at the final stage of this comprehensive test showed the vehicles 
with route guidance with 135 net gain and 26 net loss in driving time saved 
sompared to vehicles without this guidance, and an average reduction of 1l 
percent driving time was realized. It was thereby demonstrated that this 
system can adequately contribute to improving city driving conditions. 
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EQUIPMENT ENVIRONMENT TOLERANCE TESTS 

Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 36-37 
[Article by Sadayuki Tsugawa, Mechanic .i Engineering Lab, AIST] 
Text] Introduction 


Research and development on equipment whose objectives had been established 
from the results of pilot experiments was initiated in the area of compre- 
hensive automobile control technology. These equipment are required to 
possess a high level of information processing and transmission capability 
and must function as electronic equipment under very adverse environment 
whether installed at the roadside or in automobiles to provide complete 
operation as elements of the system they belong to. Surveys of the environ- 
ment at roadsides and within automobiles were conducted, and the results 
were used by the Mechanical Engineering Laboratory to set up conditions for 
environmental tests on roadsides and inside automobiles and methods of per- 
formance tests, and environmental tolerance tests were conducted on various 
equipment test produced during JFY 1974. These test results were then used 
to set up even more rigorous environment tolerance test conditions in JFY 
1975, and equipment developed from JFY 1975 through 1977 was tested. 


Environment Tolerance Test Conditions 


the environment tolerance test conditions consist of the provisional set 
drawn up in JFY 1974 and the final set drawn up in JFY 1975. The environ- 
ment tolerance tests of JFY 1974 placed their emphasis primarily on accumu- 
lating data relative to the behavior of the equipment with respect to the 
environment rather than on the tests themselves. As a result of the tests 
conducted during JFY 1974, the problem areas of the equipment were clari- 
fied, and there was marked improvement in equipment design technology on 
the part of the companies responsible for their production. These results 
were then incorporated into the environment tolerance test conditions that 
were established in JFY 1975. The final set drawn up in JFY 1975 are de- 
scribed here. 


Vibration Tolerance Test Conditions 


l) Vibration Conditions 














1) Compound vibration amplitude: 2 meters 

2) Vibration frequency: 5-20 Hz 

3) Period of vibrational changes: about 3 minutes 

4) Direction of vibrations: up-down, left-right, forward-backward 

5) Vibration duration: 30 minutes in each direction 

2) Performance test 

1) Where vehicle based equipment is concerned, performance tests are con- 
ducted while the vehicle is in vibration, and a DC 12 V power source will 
be used. 

2) Where the roadside equipment is concerned, a single test in each direc- 
tion is conducted before and after vibration, and a 100 V AC source will be 
used in this case. No current is passed during vibration. 

2. Temperature and Humidity Test Conditions 

1) Temperature and humidity conditions 

1) The high temperature will be + 60°C and the high humidity 90 percent 
while the low temperature will be ~20/°C and humidity as is. The tests are 
conducted for 3 hours each. 


2) Performance tests 


1) Performance tests will be conducted in continuous manner from initiation 
to termination of tests for both vehicle based and roadside equipment. 


2) The voltage applied on the test body will be 11 V DC for low temperature 
and transition period to low temperature tests, 80 V AC for roadside equip- 
ment, 16 V DC for vehicle equipment during transition to high temperature 
and at high temperature, and 110 V AC for roadside equipment during transi- 
tion to high temperature and at high temperature. 

3. Amti-Rain Test Conditions 

1) Rain conditions 


1) Volume of rain: about 900 mm/h or nore 


2) Direction of rain: sweep from vertical direction to 60°C from the 
vertical 


3) Period for change in irection of rain: 1 minute 
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4) Duration of rain: i hour 


5) The orientation of the test body will be changed 90° every 30 minutes 
after initiation of rain 

2) Performance Tests 

The anti-rain test is applied only to the roadside units, and the perfornm- 

ance test is conducted after 2 hours of continuous rain. The voltage source 

is a 100 V AC source. 


Environment Tolerance Test System 


The environment tolerance test system is comprised of the environment form- 
ing facility and the performance testing facility. The environment forming 
facility incorporates the three devices of vibration resistance test unit, 
temperature and humidity test unit, and anti-rain test unit. These units 
are capable of providing adequate environment resistance test conditions 
that were described before. A roadside unit installed within this environ- 
ment simulation facility is shown in Photo l. 


Photo 1. Roadside Unit Within Temperature and Humidity Test Chamber 

















The performance testing facility has as its nucleus a high reliability 
control computer and includes a number of interfaces. When the perform- 
ance of a roadside unit is being tested, an on-line performance test at 
high speed using an electronic computer is performed in which the control 
center computer and several units (6 units) of vehicle borne units are 
simulated while the roadside units and drivers are simulated in the 
vehicle borne equipment performance tests. Software developed at the 
Mechanical Engineering Laboratory has enabled complete automation of the 
continuous performance required over long period, and worst case data 

are used to effectively test all the capabilities of the unit. 


Summary 


Between JFY 1974 and 1977 more than 25 different types of roadside and 
vehicle units and more than 200 pieces of equipment were subjected to 
environment tolerance tests, and it was demonstrated that all the pieces 

of equipment developed since JFY 1975 passed the tests. These pieces of 
equipment then were used in the pilot experiment area and in pilot experi- 
ments starting in the fall of 1977. Pilot tests extending over a year showed 
these equipment to display very favorable operating behavior, and the pilot 
tests were successfully concluded. These results demons .rated the adequacy 
of the environment resistance test condition and the performance testing 
method. 


in another direction, development of automobile traffic flow instrumenta- 
tion was conducted independently of the environment tolerance testing of 
equipment by the photoelectric conversion element group. This facility 
measures the spacewise speed distribution of automobile traffic flow, and 
research is being conducted with the objective of correcting the informa- 
tion provided by the loop type or supersonic wave type automobile traffic 
flow detector. The operation is based on the principle in which the speed 
of the automobile is calculated from the transition time of an optical 
image of said automobile across a pair of microscopic photo-electric con- 
version elements. This facility was developed in JFY 1977 and was installed 
on top of a Tokyo building along Keihin National Highway No l. It has 
operated in favorabie manner for more than a year and it has continued to 
record average speed data on traffic flow at six sites (at 50 m intervals) 
on the national highway. 
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PILOT SYSTEM CONSTRUCTION AND TESTS 
Tokyo KOGYO GIJUTSL in Japanese Vol 20 No 8, Aug 79 pp 38-39 


(Article by Haruna Nakai, Managing Director, Autombile Comprehensive Con- 
trol Technology Research Association] 


[Text] Introduction 


Highway raffic in large cities is presently become an important social 
problem in ever increasing degree, and it has become mandatory that rather 
than simple reversion to technological developments, experimental efforts 
at studying the effectiveness of comprehensive social systems in large 
cities be made, results of these experiments be used to introduce the tech- 
nology to society, a wide range of general viewpoints be collected, and 
latent problems which will encountered during future practical application 
be clarified. Following this line of thought, experiments in actual cities 
through the use of pilot systems were incorporated into the plan of this 
project. 


Establishment of the Pilot Experiment System 


The four areas of Shibuya, Edo, Shinjuku, and Ginza were considered as 
candidates for this experiment at the outset. As the result of compara- 
tive studies on the number of alternate routes, possibility of selecting 
routes in line with the traffic situation, ease of construction, and PR 
effect, the Shibuya district was selected. 


The first activity of the research association was an on-site survey of the 
basic layout construction of the roadside equipment facility. The situa- 
tions with respect to the equipment facility, presence of installation space, 
roadway conditiors, exclusive use of the highway, permission for use and 
construction pjilars, aerial wires, and people-related faculties were 
studied in detail after which the selection of likely sites for project 
construction was made. The basic facility layout of each roadside facility 
was derived based on this on-site survey data, detailed plans were made, 


and project permit procurement activity was initiated. There were 59 
organs from which permits had to be acquired, and we received the utmost 
understanding and cooperation from the concerned officials, but there was 
formidable opposition from local residents and considerable concern resulted. 











Much of the roadside construction was performed on holidays and at night 
when it was possible to minimize obstruction to traffic flow. At the 

same time, the method of construction was successively modified in a 
manner designed to reduce traffic obstruction to a minimum. At the con- 
trol center, software development people worked day and night to debug 

the system and to engage in a number of activities in preparation for 

the experiment. In addition, demonstration tests were conducted to see 
how sole-use roadways could be incorporated and the system overall could 

be operated in adequate manner. There was also the selection of more 

than 1,000 information collecting vehicles and 300 automobiles cooperating 
in the experiment along with 30 experimental vehicles, and the equipping 

of these vehicles with the necessary gear was conducted. The pilot experi- 
ment system was completed in December 1977 through the activities described 
above, and the experiment was started. 


Pilot Experiment Test Experiment 
The following were the three objectives of this experiment. 


1) To demonstrate whether the newly developed technology is effective in 
the environment of an actual city. 


2) To collect data relevant to latent problems that may arise when the sys- 
tem is put into practical use in actual traffic in the future. 


3) To publicize the results of this research and development to the general 
public and survey public opinion with regard to these results. 


The experiment was conducted over a year's span from October 1977 to the end 
of September 1978. 


The experiment was conducted on all five subsystems, but the route guidance 
subsystem was the item of major concern from the standpoint of comprehen- 
sive automobile control technology. The recognition that this capability 
‘an be adequately exploited in the environment of actual traffic flow was 
one of the major objectives of this experiment. This involved the process- 
ing of travel time information on actual traffic flow obtained by the route 
guidance subsystem by the computer group at the control center and supplying 
information necessary to the subsystem such as emergency and variable in- 
formation. 


At the same time, this project solicited monitors from the general public 
in addition to the vehicles from member companies of the association and 
government offices in line with the viewpoint of "development of a social 
system.” These vehicles were provided with the necessary vehicle borne 
equipment and were always operated in normal manner throughout the course 
of the experiment in their participation in this experiment. 














In addition, these vehicles were enlisted for participation in special 
experiments at designated times one day of each month, and questionnaires 
and interviews were used to collect opinions regarding the performance of 
the various subsystems and the man-machine interfaces. 


During the first half of the experiment the route guidance subsystem was 
operated in the manner of traffic flow predictions centered on information 
obtained from information collecting vehicles (1,000 taxis) which was then 
passed on to the experimental automobiles, but the paucity of information 
coupled with the biased routes taken by these taxis resulted in performance 
which was not always favorable. As a result, greater attention was given 
to the deployment of these experimental vehicles during the latter half 
experiment, and it was demonstrated that the targeted objectives were re- 
alized. 


Outline of Experimental Results 


The environment tolerance of the various subsystems’ roadside equipment headed 
by the route guidance subsystem equipment was all satisfactory despite the 
fact that they were pieces of equipment. When the practical stage is ap- 
proached, the actual results obtained on roadside equipment of the traffic 
control facilities will be referenced to pursue development of even more 


miniaturized, low power consuming, and economical and readily maintained 
units. 


The central equipment in the control center was an experimental facility 
whose development was subjected to budgetary restrictions. It was asso- 
ciated with considerable diffuseness and was not able to provide adequate 
reliability, it had just been developed so that there was not sufficient 
time to debug under certain conditions, and the control people had not had 
enough time to acquaint themselves with the system making it difficult to 
say that the operation of the control center was always adequate. In the 
final analysis, however, the capabilities of the center were exploited in 
adequate manner. 


A D-1 circuit of Nippon Telegraph and Telephone Public Corporation was used 
solely for tying this central facility with the terminal equipment, but 
there was an excessive rate of incidence of interference in the form of 
momentary interruptions and an occasional cutoff in digital communications. 
There may be a need to go to a circuit which guarantees better quality in 
the future or adopt some forceful communication means to eliminate momentary 
interruptions. 


[he data taken into the route guidance subsystem were successively improved, 
and the travel time information obtained from the vehicles for the most 
part were more than adequate, and these provisions in the experimental 


plan made possible attainment of the anticipated results in the actual ur- 
ban environment. 
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For example, an example of the results obtained through about 1,000 test 
runs in 7 routes are shown in Table 1 in which reduction in travel time 
between 9-15 percent was realized. 


Table 1. Example of Guidance Effect as Seen from Travel Time 





















































Travel route | type of travel average| plus/minus | fraction |reduction 
travel | frequen- of advan-|rate in 
time | cies in tageous (travel 
| | guided use of time 
vehicles route 

ae | | | guidance 

iz i 
Uema * Tengenji | guided travel 1239 33— 16.3 15.5 
a _| free travel 1467 5 ; . 
Osaki, Hirokoji + | guided travel 1327 29 79.1 9.4 
___Uema | free travel 1464 | 5 ; ° 
Roppongi 4 | guided travel | 1763 | 3 6.1 10.8 
Jikisaka, | free travel 1976 8 
Rikubashi i ) ) 
Uema > | guided travel | 1657 inn wa | _ 
Shirakane, | free travel ' 1827 | gil) 10. 
Nichome > _| a —_ i ee __ | | 








Data were collected for the other subsystems through recognition of perform- 
ance, questionnaire surveys, and interviews from which important material to 
serve as reference during the transition to the practical stage was obtained 
with respect to reasonableness of the contents displayed, visibility, and 
volume of information. 


Summary 


The technology developed in the manner described above was given full co- 
operation and support from the National Police Agexcy and the Ministry of 
Construction who are directly tied in with highway traffic and the many 
ministries and agencies along with all cooperating governmental offices 
which participated in this project development. For example, the National 
Police Agency and Ministry of Construction did not treat this project simply 
as research and development but it is said they investigated utilizing this 
pilot experiment system to enable docking with the control center in line 
with administrative needs in a move directed at practical use and to enable 
control of highway traffic flow through a travel time measurement network. 
They are said to be studying the possibility of applications in many direc- 
tions. 


[It is said that the Ministry of International Trade and Industry is also 
promoting the more popular use of this technology. 














The word is out that West Germany will initiate experiments on a similar 
system this summer partly in the form of a practical system. 


It is thought that comprehensive automobile control technology holds the 
potential of developing widely into many directions as a comprehensive so- 
cial system as a result of this trend, and it is hoped that every effort 
will be made to pursue smooth development through comprehensive interfaces 
between the various systems. 


Finally we thank the Agency of Industrial Science and Technology and the 
related agencies and offices for their guidance and direct and indirect 

cooperation which made possible the execution of the construction and ex- 
perimental phases of this study without the incidence of major accidents. 








OLEFIN MANUFACTURING METHOD USING PEAVY OIL AS THE RAW MATERIAL 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 40-43 
[Article by Yosuke Tsuji, Office of the R and D Officer, AIST] 
[Text] Introduction 


The method of manufacturing olefins using the low cost and abundant heavy 

oil as starting material is a technology to produce basic petrochemical raw 
materials such as ethylene, prophylene, benzene, toluene, and xvlene presently 
being manufactured using the light oil fraction naphtha as raw material. This 
project plans to construct a large scale pilot plant of 120 ton/day capacity 
raw material, operate this plant, and complete its industrial technology in 
order to produce olefins by the high temperature cracking of heavy oils ob- 
tained as reduced pressure and atmospheric pressure residual oils as the 

final stage on the development of this technology. 


The oil demand structure in Japan during the recent years has been increas- 
ing annually toward light oils such as naphtha used in the petrochemical 
industry as mentioned before, gasoline for automobiles, kerosene, and light 
oils. Fuel oil for power plants being replaced by LNG and nuclear energy 
has ennanced this yearly trend toward the use of the lighter oils, and this 
trend has been matched by import mainly of the lighter oils. Now, the future 
picture is such that the ratio of heavy oils in the oil supplied will in- 
crease in direct contrast to the demand for lighter oils, and it is expected 
that shortages will arise in the light oil area and oversupply in the heavy 
oil area. This is why there is an urgent need to develop a technology for 
the effective utilization of this heavy oil fraction. 





The petrochemical industry of Japan has, up to the present time, developed 
the production of products such as synthetic resins mainly using the single 
raw material source naphtha, and the recent price increase in naphtha coupled 
with its insufficient volume have become problems which are rocking the foun- 
dations of this industry. As a result, the assurance of a more stable and 
low cost raw material has become a pressing problem. 
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One countermeasure to resolve the problems cited above is to develop a tech- 
nology to effectively utilize the heavy oil fraction of petroleum that is 
presently in great overabundance as a raw material, and this is a goal of 
the project. This is a research subiect whose completion is urgently needed 
in view of the recent situations inciuding the oil situation. At the same 
time, it is a basically significant technology which will effectively uti- 
lize in complete manner the important oil resources for chemical raw ma- 
terials. 


Research and Development Situation in Other Countries | 


The development of olefin production technology using heavy vil including 
crude oil decomposition in a broad sense as raw material was once attempted 
in Europe along about 1960 at the time of the sudden emergence of petro- 
chemistry. There are the Koppers method and the BASF method. There has 
been rapid development in the United States most recently, and the high 
temperature steam cracking technology has been the base for the development 
for the development of the ACR method (joint development by Kureha Kagaku, 
Chiyoda Kako Kensetsu, and UCC) that is being promoted, and it is said that 
a prototype for the production of ethylene from crude oil will be completed 
during this year. At the same time, it has been reported that a partial 
oxidation method of ethylene production using crude oil is under development 
by Dow Chemical. On the other hand, the strategy to switch to a superheavy 
fraction such as reduced pressure residual oil through the appropriate tech- 
nology is being taken up for the first time in this project. It is thought 
that this technology will utilize not only crude oil but as yet underdeveloped 
resources such as oil sand bitumen, and interest is being shown by other 
countries. 


Outline of Technology 


The high temperature cracking technology that is being promoted through re- 
search and development on this project is called the coke heat medium circu- 
lating fluidized bed method in which the coke particles furnished within the 
system as a result of the decomposition of crude oil are used as the heat 
medium, and it uses a circulating fluidized bed decomposition facility consist- 
ing of a reaction tower and a coke heating tower. The flow scheme for the 
decomposition facility and its peripheral equipment is shown in Figure l. 
Reduced pressure residual and atmospheric pressure residual oil which are 
the raw materials are preheated and then supplied to the decomposition re- 
action tower together with steam where contact is made with high temperature 
coke particles, and decomposition takes place. The temperature of this de- 
composition reaction is 700-800°C. 


Coke particles whose temperature was lowered by supplying heat to the crude 
oil are sent to the coke heating tower where they are heated by the high tem- 
perature combustion gas from the combustion furnace and recycled back to the 
reaction tower. Byproduct decomposition residual oil (pitch) and similar 
materiais are used as fuel for the combustion furnace. 
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Figure 1. Flow Scheme for Heavy Oil Decomposition Using Coke Heat Medium 


Key: (1) combustion exhaust smoke (10) decomposition gasoline 
(2) air for recombustion (11) decomposition reaction 
(3) recombustion heat recovery tower coke slurry 
4) air for combustion (12) fractional distillation 
(5) heating tower, combustion furnace (13) intermediate residual oil 
(6) coke heating tower (14) pitch 
(7) quickcooling, fractional distilla- (15) heating tower fuel 
tion, slurry separation (16) decomposition raw material 


(8) reaction tower cyclone 
(9) thermolytic gas 


The decomposition products are separated from coke at the cyclone and quick- 
cooled after which they undergo fractional distillation and are separated 
inte decomposition gas containing olefins, decomposition gasoline, interme- 
diate distillation cuts, and pitch. The decomposition gas further undergoes 
an acidic gas removal step followed by purification and low temperature frac- 
tional distillation to be separated into hydrogen, methane, ethylene, pro- 
pylene, and B-B cut. The pilot plant to be constructed does not include this 
low temperature fractional distillation process. The composition of this 
decomposition gas is not much different from the gas from naphtha decomposi- 
tion, and the steps following the low temperature fractional distillation can 
be adapted to present technology almost entirely as is. 














The smoke from this coke heating tower is still at high temperature and 
incorporates a number of flammable gases resulting from the water gas re- 
action with coke so it is recombusted and the heat is recovered as steam. 


The high temperature thermolysis of oil fractionation is generally thought 
to require fuel that is equivalent to 15-20 percent of the raw material oil. 
Since this method uses decomposition residual oil such as pitch and inter- 
mediate distillation cut, it is anticipated that the material balance for 
heavy oil decomposition will follow the pattern shown in Figure 2. 


When paraffinic atmospheric pressure residual with a high yield of olefin 

is the starting material, there is very little decomposition residual oil 
formed. When reduced pressure residual oil is the raw material, there is 
considerable formation of residual oil byproduct. Most of this byproduct 

is consumed within the plant. ..In addition, t\\ e is the formation of ex- 
cess pitch and intermediate distillation wil, and research on their effective 
utilization is one of the research items. 
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Figure 2 Material Balance for Heavy Oil Decomposition by the Coke Heat 


Medium Method 
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[Key to Figure 2 on preceding page] 


(1) raw material (14) loss 

(2) decomposition product (15) water gas formation 

(3) acidic gas (16) decomposition facility fuel 

(4) product (17) example of atmospheric pressure 
(5) yield based on raw material paraffinic residual 

(6) fuel gas (18) decomposition gasoline 

(7) ethylene (19) propylene 

(8) decomposition gas (20) example of reduced pressure 

(9) 1.3-C,H,, other cy residuals 


(10) C ~206°e 
(11) 280°C cut 
(12) 

(13) coke 


cut 


Point of Research and Development 


The research and development program for this project is planned for the 
7~year span from JFY 1975-1981, about 12 billion yen has been allocated 
for total research and development cost, and the objective is to design, 
censtruct, and conduct operational research on a 120 ton/day processing 
capacity pilot plant to obtain basic technology relative to long term 
stable operation. 


When the scale of the pilot plant is converted to ethylene production capa- 
city, roughly 5,500 ton/year is produced from reduced pressure residual oil 
starting material and about 10,000 ton/year with paraffinic atmospheric 
pressure residual oil starting material. This output is 24 times the yield 
of the test plant that was the forerunner of this pilot plant and roughly 
1/10 the production of a single practical scale system. 


Put briefly, the objective here is the establishment of technology for long 
term stable operation, and the following are the important research items. 


1) Obtain information on large-size coarse particulate fluidized layer 
2) Establish coking suppression method and decoking method 


3) Establish methods for control of retention volume of heat medium coke, 
particle size, and properties 


4) De elopments such as quick cooling system for the decomposition pro- 
ducts are the main points of this research and development. At the same 
time, 


5) Obtain information on the decomposition characteristics of various types 
f raw material oils 











6) Optimize processes such as heat recovery system 


7) Study technology for effective utilization of byproducts from heavy 
oll decomposition. 


Progress Situation to Date 


Since the project wes initiated in JFY 1975, the results of the forerunner 
test plant were used to plan and design a pilot plant. Production and pur- 
chase of the major mechanical equipment were initiated in JFY 1976, and con- 
struction of the pilot plant was initiated in JFY 1977. This pilot plant 

is being built on the grounds of the Kashima Plant of Mitsubishi Petrochgai~ 
cal Company, Limited, and construction is underway on a roughly 12,000 o 
area. 


The procurement of the mechanical equipment and installation of distribution 
were nearly completed during JFY 1978, and only the electrical, instrument, 
temperature control, and painting projects remain. It is expected that this 
construction project will be completed by the end of October 1979 and the 
project enter into the following test operations. 


Various technological studies and preparations for operational research are 
underway at the same time with pilot plant design and construction operations, 
and the following are the major items in this category. 


1) Engineering studies on various technical problems which are research 
topics 


2) Consolidation of research items for pilot plant operational research 


}) Study on pilot plant operating method and establishment of detailed opera- 
tional outline based on the above 


f 


4) Study on methods for sampling, testing, analyzing, and measuring 


5) Development of data processing system to process the vast volume of data 
from the pilot plant 


6) Development of simulator to study pilot plant operation, conduct analysis, 
and study practical process 


The greater part of the activities listed above were completed during 1978, 
and present activities are centered on final preparations for operational 
research in anticipation of the start of test operation in November. 


in addition, research on the analysis of various types of heavy oil was ini- 
tiated in JFY 1978 in line with the research on pilot plant operation. This 
research will be continued during this fiscal year and a new study on eluci- 
lating the coking mechanism has been initiated in which the analysis of proper- 
ties of coking precurser material and research on properties analysis of de- 
composition residual ofl (pitch) from among the decomposition products have 
heen taken up. 
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Photo 1. Status of Pilot Plant Construction (As of end of March 1979) 
Future Research Plans 


As mentioned before, this pilot plant is expected to be completed by the end 

f this October and directly followed by the initiation of test operation. 
Mechanical test operations will be conducted on the various equipment as well 
as water tesis during November and December. The temperature will be raised 
for the studies in January-March 1980, and local tests will be conducted unit 
by unit passing actual oil through the system. It is expected to start true 
test operations conducting decomposition reactions in JFY 1980, and if the 
work on summarizing the results of the operational study is included, this 
research will be concluded near the end of JFY 1981. 


Atmospheric pressure residual oil and reduced pressure residual oil will be 
used as raw material oil in the pilot plant operational research, and per- 
formance of the decomposition facility and other units, stability of opera- 


tion, and possibility of long term operation will be subjected to demonstration 
tests. In this manner it is planned to acquire various types of operating data 


in preparation of practical application. 


Parallel with the pilot plant operational research, technological studies on 
process improvement and plant scaleup will be conducted. In addition, test 
design of practical scale facility and technological and economic evaluations 
will be conducted from which it is anticipated that the possibility of prac- 
tical application will be clarified. 


in another direction, research on properties analysis of heavy oils will be 
concluded as of JFY 1979 while emphasis will be placed in properties analysis 
research on coking and decomposition residual oil during JFY 1980 with the 
research expected to be completed in JFY 1981. 


Should these studies proceed smoothly, the goal of a practical method of 
producing olefins by the coke heat medium method should be realized at the 
start of the 1980s. 

L26/ 
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PREPARATION FOR SERIOUS OPERATING RESEARCH 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 43-45 


[Article by Toshihiko Maruyama, Head of Kashima Laboratory, Association for 
Research on Using Heavy Oil as Raw Material] 


[Text] The large project "Olefin Production Using Heavy Oil as Raw Material 
pilot plant for which pile driving operations were initiated in June 1977 was 
about 90 percent complete as far as construction progress was concerned at 

the end of June 1979, and there is good promise that this construction will 

be completed by the end of October according to schedule. Even though this 

is a so-called pilot plant, it is of a very large scale requiring about /7 
billion yen to construct, and the capacities of the units making up this 
facility taking up ground area of 12,000 meter“ do not suffer in comparisons 
with the capacities of similar units in the general run of petrochemical plants. 


Towers, tanks, heat exchangers: about 150 units 
Rotating equipment such 1s pumps, 

compressors, blowers: about 200 units 
Number of instrument loops: about 800 loops 


These are some of the equipment used, and the scale of this plant as seen 
from the specifications (Table 1) is one to rival that of a petrochemical 
production plant. In addition to this main plant, there are combustion gas 
treatment and condenser water treatment involved in products treatment and 
environmental countermeasures as well as waste heat recovery boiler, coke 
supply and disposal facilities, and pitch sample production facility which 
are secondary facilities that have to be operated at the same time. It is 
thought that research on the actual operation of this pilot plant will be 
of the same level or higher compared to a petrochemical production plant. 


the schedule from here on includes individual test operation of the differ- 
ent equipment to be conducted from the end of this year to March of next 
year, test operation on one phase of coordinated operation, and finally ac- 
tual operation using oil to start in April of next year. 














lable 1. Comparison Between Olefin Pilot Plant and Petrochemical Plant 








olefin pilot | petrochemical |petrochemical 





opted) Cptant A | plant 8 

amount of «guipment | 387 units | 368 units | 425 units 
j : / 

towers, tanks. heat exchangers, | 177 units | 255 units | 248 units 
heating turnaces | | 
i j ; 
; ' 

pumps, compressors, and other 210 units | 113 units | 177 units 
rotary equipment 
} j } 

: | ls 

number of inctrument loops | 824 loops [| semen loops | 704 loops 

general control loops 258 loops | 441 loops | 195 loops 
; | | 
| } 

interlock loops | 49 loops | 201 loops | 138 loops 
| ' 
} | } 

others | 517 loops | 417 loops | 371 loops 
| 

As is well known, the “Research Association on Technology Using Heavy Oil Raw 
Material" is dedicated to research and development on technology to produce 
hemical raw materials such as olefins in order to diversify petrochemical raw 


materials sources and was organized in July 1975. Its organizational chart is 
shown in Figure 1. The Kashima Laboratory was opened in January 1979 to serve 
is the sole organ where operational research on the pilot plant is to be con- 
ducted, and this laboratory is located on the grounds of the Kashima Petro- 
chemical Complex (within the Kashima Piant of Mitsubishi Petrochemical). The 
rational for this site selection was the favorable raw material, accessory 
material, services, and decomposition products acquisition and disposal situa- 
tion, and considerations for safety and environmental factors also entered 
into this selection. The raw materials, services, and decomposition products 
icquisition and disposition situation is shown in Figure 2. 


The laboratory is staffed with outstanding scientific personnel dispatched 
from the laboratory, production, and design divisions of six private companies. 
There will be a total of 80 people of which 30 research personnel for techni- 
cal analysis, research planning, and research management at the point of ini- 
tiation of test operations at the end of the year, and it is anticipated 
there will be about 50 people directly engaged in the operational research. 


[here are a number of research organizations which have contracted large 

projects, but it is thought there are not many examples in which researchers 
of six private companies are brought under one roof and a large force of 80 
people engages in pilot plant operation! research. As seen from the stand- 
poing of the laboratory director, "I have an organized mixed brigade and am 
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rigure 1. Organization of the Research Association on Technology Using 
Heavy Oil Raw Material 


Key: (1) President (7) research and development section 
(2) executive board (8) construction section 
(3) administrative committee (9) research control G 
(4) business office (10) technology G 
(5) Kashima Laboratory (11) operations G 
(6) business section 
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Figure 2. Procurement Relationships for Raw Material, Accessory Materials, 


Services, and Decomposicion Products 


Key: (1) Kashima North Cooperative Power Company 


(2) Mitsubishi Petrochemical (K.K.) (8) ammonia 

(3) services, fuel, others (9) Kashima Ammonia (K.K.) 
(4) decomposition produ ts (10) nitrogen 

(5) Kashima Petrochemical (K.K.) (11) Kashima Oxygen (K.K.) 
(6) raw material heavy oil (12) caustic soda 

(/) Kashima Laboratory (13) Asahi Glass (K.K.) 
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facing the battlefield” he has an attitude not unlike that cf a commander 
going forth into battle. The elements for winning in combat are “harmony 
among people" and “how to focus the capabilities of the constituent person- 
nel on the key points of the battle." The following operational policies 
were established for the opening of operations in April of this year. 


1) Full engagement in the busines: at hand through enhanced solidarity 
2) Complete elimination of safety, environment, labor, and fire hazards 
3) Thorough backing for original ideas and energy conservation 


As far as the first item is concerned, the rationale for the above element 
"harmony among people” is very evident here. 


The next time to be seriously considered before entering into actual operation- 
al research is how to implement safety and environmental policies to the 
utmost. As stated in the saying “safety above all," every effort is being 
made to incorporate safe policies into the hardware and software areas to the 
utmost. Since this pilot plant is being used for operational research pur- 
pose, there is a high frequency of startups and shutdowns, the operating 
conditions vary with these frequencies, and the quality of the raw material 
heavy oil can vary thereby giving rise to some very disadvantageous conditions, 
Rapid response to these changes which can keep up in appropriate manner and 
the proper control become necessary together with suitable assignment of 
operating personnel. Should there be a large disaster, there will be not 
only human and material losses but, depending on the occasion, hazard to 
nearby people and possible pressure from public opinion which may make it 
difficult to continue operational research. At the same time, because the 
location is within a complex, there are the inevitable obstructions that are 
caused to the neighboring industries. As a result, we have taken the stand 
that we are a contract research organ for the country and will absolutely 
allow no accident to happen. It is the general case that chemical plant 
disasters occur from 1) process factors causing abnormal operating condi- 
tions resulting in fires or explosions, 2) deterioration or corrosion of 
plant equipment causing damage, blow-outs, oil leaks which lead to disaster, 
and 3) abnormal working conditions inviting labor disasters such as toxicity, 
burns, or injuries. Measures to prevent such disasters include 1) eliminate 
disaster causing factors in planned manner from the process design stage and 
complete an interlock that operates even during abnormal conditions, 2) make 
complete study of materials, specifications, and capabilities to prevent 
deterioration and corrosion at the time plant equipment is designed, 3) give 
operating personnel thorough education in safety and environmental counter- 
measures and thorough training in disaster prevention. In other words, all 
concerned personnel must cooperate wholeheartedly in taking up these measures 
to cover all stages from planning, design, production, construction, operation, 
and maintenance. This laboratory gives the operating personnel the train- 


ing schedule shown in Table 2 before the workers even start on the work. 
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Table 2. Contents of Training Program for Operating Personnel Before 
Entering Actual Operation 


---—— ee _ mee ee ee SS — ei _ 


7 Training Item Contents _ 





- oe Ne eee eee 


a) explanation of process 
(1) process outline b) outline of research and development 


c) research operation plan 


—_— —_— -_—— _— — -_— —— oer o-oo Or ee ee ee ee eee 





| a) safety, environment laws 
b) various standards 
(2) safety, environment cc) examples of safety, environment 
| troubles 
| d) prevention measures 
| a) basic knowledge of chemistry 
(3) basic operating knowledge |b) basic knowledge of chemical engineering 


| c) explanation of chemical processes 


—=- — i , 





a) raw materials and ad ton 
| b) products, byproducts 


_— _—_——_— —-— + —_—— i — ——— ee = ————_— ie CU Or r-rhClC rrr rvVY9m" OOOO Or 
’ 


(4) materials handled 


| a) normal operation 
(5) operations outline b) start-up--shutdown 
_¢) abnormal operations 
d) emergency shutdown 


_ — A 


{ 
aa annneecemeiaeees oe | 
(6) examples of predicted troubles examples training for each unit 
seniaiaiasemenene anna scsi ostneepseeenieseneseniienenettampesiimeenimetasemrensageieeneneepneneen NEESER 
a) acquisition of raw materials, addi- 
(/) acquisitions of services, etc. tives, products, byproducts 
b) acquisition of services 


+ _ —_———< a ee eee 


(8) equipment handling, ' a) handling of rotary machines 
instruments, electrical b) basic knowledge of instrument and 
electrical equipment 
a —innaeEEDGNIG REREAD 
a) specifications on equipment 
(9) maintenance b) distribution line material 


* - - - -_— -_— oo oe -_— 


a) firefighting training 
(10) various types of training b) emergency shutdown training 
«) hypothetic disaster training 


_s -_—_— -—— ———-_ —— ce ee ee eee 


(ll) special activities | a) tor startup and shutdown 
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Since heavy oil is used as raw material, environmental problems arise in 

the form of sulfur, nitrogen, and residual carbon materials and smoke, 

waste water, and waste solids which need to be managed. These discharges 

are processed in intensive manner when they are in a highly concentrated state 
at the generating source in the resourceful system which is employed, and 

they are all handled within the laboratory. 

a) SO, Countermeasure 


- 


A sode absorption method is employed, and the desulfurization rate is bet- 
ter than 90 percent (about 50,000 Nm°/Hr) 


b) NO. countermeasure 


An ammonia reduction method is used to realize 80 percent denitrification 
rate (about 50,000 Nm?/Hr) 


c) Dust countermeasure 


Dust is removed by passage through a dust collecting cyclone and by passage 
through desulfurization and dentrification plants. 


1) waste water countermeasure 


lreatment using an oil separator and a dispersed water furnace bed method 
(water volume about 400 T/P) 


e) Solid wastes countermeasure 
reatment in an incinerating furnace (36 T/D) 
f) Odor and hydrocarbon countermeasures 


reat effort will be made to maintain a closed system. When release is 
unavoidable, flare stack combustion will be used. 


¢) Noise countermeasures 
Measures have been taken to keep machinery noise below 65 phons. 
h) thers 


Jaste gas after undergoing treatment is exhausted to the atmosphere through 
a 200 meter tall stack. 


As described above, this laboratory regards the engagement of all personnel 

in comprehensive safety and environmental measures necessary both from the 

standpoint of a contract research organ for the country and the maintenance 
good relations with the neighboring society. 
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lapan’s petrochemical industry has been producing olefins and aromatic com- 
pounds mainly from naphtha as raw material, but last year's Iranian change 
in government was a wedge which caused a rise in price and reduced supply. 
There is also the trend for crude oil to become more and more heavy in 
nature, and there is increasing clamor for the use of raw material in the 
form of heavy oil which makes up 50-80 percent of crude oil in contrast to 
the roughly 10 percent made up by naphtha. The petroleum situation is con- 
stantly changing, but no matter what its situation may be, there is need to 
establish the technology to produce olefins from heavy oils as quickly as 
possible, and this is the destiny of this laboratory. Petrochemical pro- 
ducts are intimately tied in to the people's living, and they already have 
become indispensible from daily living habits. The creating of a pathway 
using abundant heavy oil as petrochemical raw material has significance from 
the standpoint of diversifying raw materials for the petrochemical industry 
that will surely contribute greatly to the national economy, and all con- 
cerned are resolved to put forth their best efforts. 
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JET AIRCRAFT ENGINE PROJECT 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 46-47 
[Article by Takeharu Takezono, Office of the R and D Officer, AIST] 
[Text] Introduction 


Jet engines which are sometimes referred to as the heart of aircraft have been 
the end result of the change from reciprocating engines to turbojets along 
about the end of the war, and there is today the fan jet engine which repre- 
sents the highest level  f technology at the present time. - > 


fhe J3 turbojet engine was develeped starting in 1953 in Japan and is being 
used in training planes. In addition, the JR 106-200 engine for vertical 
takeoff and landing has also been developed. On the other hand, the develop- 
ment of a jet engine for commercial aircraft had not been started because of 
the lack of domestic demand, the large technological risk entailed in its 
development and the large sums required for development. 


On the other hand the aircraft jet engine industry requires high level tech- 
nology which straddles over many boundaries, and it is an industry that can 

be developed only by an advanced industrial country with a large number of 
superior technologists and with highly developed related industries. Further- 
more, the results offer promise for application to other machine, metal, or 
electronic equipment industries, and its spin-off effect is very large. At 
the same time, it is thought that demand for airplanes will increase in the 
future. 


in order to respond to this situation, a start on development of a domest ic 
jet engine for aircraft industry based on domestic technology, and a plan to 
onvert to technology-intensive industry are urgent subjects. There is spe- 
ial need to develop high performance fan je’ engines with high operating 
economy and low atmospheric pollution due to noise and exhaust gas. 


Outline of Research and Development 


/] 











This project aims to promote the development of a high performance fan jet 
engine to respond to this present situation throuph a cooperative system 
involving production, academic, and government circles. and it was launched 
in 1971 under the large project system. The research and development can be 
grossly classified into research and development of engine elements and 
research on test fabrication (First Stage Plan) and research and develop- 
ment aimed at establishing the durability, reliability, environmental com- 
patability, and high altitude performance of the engines developed (Second 
Stage Plan). 


The First Stage Plan was implemented over the 5-year span from 1971 to 1975 
in which a budget of about 6.9 million yen was allocated, and the initial 
objectives have been realized for the most part. On the other hand, opera- 
tional research under the First Stage Plan was mainly in the form of perform- 
ince and capability tests, and total test time did not exceed 250 hours. Op- 
erational research extending over several thousand hours is necessary to 
check out durability, safety, and reliability, as is the practice in other 
countries. 

Plan is aimed at the development of a 7-ton thrust class fan 
jet engine based on the hardware technology developed during the First Stage 
Plan, trends in world jet engine development and trends in demand. It was 
started in JFY 19/6 for a 6-year period with an estimated budget of 18.5 
billion yen. Operating research will make up the bulk of the Second Stage 
Plan efforts, and ground performance and capability tests, endurance tests, 
environmental compatability tests, and extraneous objects intake tests will 
be conducted along with low temperature and low pressure tests using a high 
iltitude performance test facility. The engine performance and reliability 
inder all kinds of conditions will be established. In addition, research on 
the reduction of noise and toxic gas emission will be conducted in line with 
the demands of the times. 


The Second Stage 


Progress Status of Research and Development 
ne First Stage Plan saw the fabrication and assembly of six engines including 
the primary test engine (4.>5-ton thrust) and the second test engine (5-ton 
thrust). the targeted performances were virtually all realized for thrust, 

ie, CONnSuUmMption rate, [an pressure ratio, turbine inlet temperature, bypass 
atio, noise level, and exhaust smoke concentration. Design and fabrication 

i nardware of a top level in the world were realized. 


1S the econd LAR Plan was entered, per itional research on engines test 
produced during the tirst stage was continued, and at the point where 3} vears 
‘ave gone dv, pe rformance and capability test S. endurance test S, and environ- 


nental tests have logged a total of 1,200 hours. What should be specially 
noted here is the high altitude performance test conducted in the fall of 
1977 at the United Kingdom's National Gas Turbine Laboratory (NGTE) in which 


engine performance, ignition limits, and range of safe operation during 








Photo 1. First Test Fabricated Engine of the Second Stage 
n acceleration and deceleration along wit! ystem operating states in 
iltitude performance test it low temperature and pressure were con 
from which very effective and important data were obtained. 
reflecting the result ) t ; operational research, tabrication and 
mbly of two units of the first test-produced engine (5.5 ton thrust 
mpleé té j in whi ny Limit ing lesigen taxing int iccount great in rease 
nrust and decrease in weight was incorporated. Performance demonstra 


i tatements 

iithful execution of a national project to develop a fan jet engine, w 
ipan’s aircraft industry, the foundations for an engine industry must 
ind a shift in part to knowledge-intensive industry must be made. if 
ypothesize entry into the future world market, the day may be near wh 
irnest study needs to be made on the possibility of international 0 pe 
levelopment pecause | the vast sums of money required prior to com 


ialization and the need to read levelopment risks. 
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icle by Masakatsu Matsuki, Chief, Engine Department, National Aerospace 


A 


iboratory, Science and Technology Agency] 
\Text] The National Aerospace Laboratory is a subordinate organ of the Science 
ind Technology Agency, and it is Japan's only research organ on matters per- 
timing to aircraft. This laboratory has been going into all out cooperation 
jects related to aircraft, and it is participating in the large project 
et engine for aircratt research and development that is being conducted 
n f Industrial Science and Technoiogy that is under the Minis- 
if t International Trade and Industry. It has been pursuing research and 
velopment activities since the first stage plan (JFY 1971-1975). It was in 
arge of research and development on the fan engines during the tirst stage 
fan, high pressure compressor, combustion unit, high pressure turbine, low 
pre ire turbine, fuel control, etc.) and it provided results for use in 
irious designs tor the test production of engines. At the same time, it 
was in charge of rigidity tests, vibration tests, and operational research 
mn the main structural components of the test produced engines. [It conducted 
r m improving engine pertormance and endurance along with research 
irected at reducing noise. As the second stage is being entered, it has 
onducting research directed at reducing noise, reducing emissions, and 
ng iniet distortion as well as promoting research to improve the per- 
e of the different eiements. It is also cooperating in operational 


irch. The major research programs are described below. 


mprehensive Research on Noise Reduction 


isi research on sound absorbing plates was conducted along with the clarifi- 
tf the noise characteristics of the test produced engines. lest pro- 
tion of sound reducing nacelles was conducted, and research on reducing 
ngine noise is being pursued. The noise measurement facility at the Tsunoda 
Branch site of the National Aerospace Laboratory is pictured in Photo l. 
iterial veful for Lowering noise of fan jet engines was obtained from these 


tudies, and noise reduction technology is being promoted. 








vy 
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tion Test with Noise Reduction Nacelle (Tsunoda Branch 
| aboratory } 


f a tan engine is small and light, and it is also a high 
pressure combustion unit. First of all, outlet tempera 
jrability are necessary engine elements. in addition, 
toxic materials content in the exhaust gas also are 


Lowering M emission is a particularly difficult pro- 


along this line and on durability are the most important 


istortion 

formance whe there is nonunitormit in intanKe if I 

tor such as crosswind during takeoff or landing and 

impelilor wer« larified, and research is being directed 

e permissible limits of operatior \{ test facility 

et } ries to reate nonunitTormity in intake air i 
wre is also an cutdoor facility presently under 

li direct a crosswind during engine operation. 





c. Research on High Pressure Compressors 


High pressure compressors have particular: ly good performance at high speed, 
but a wide range of stable operation eve at low speed is important. Re- 
search on a high pressure compressor with improved pressure ratio at the 
inlet and increased air flow is being promoted. At the same time, research 
is being pursued on improving the performance of multiple stage high pres- 
sure compressors with better air extraction at the intermediate stages and 
improved performance at the blade tip gaps. 


d. Research on High Pressure Turbines 


Research is being promoted on improving the aerodynamic performance of tur- 
bines which operate with high pressure and high temperature gas and on air 
cooling the blades. Research on blade cooling is not limited to only in- 
provement in cooling performance but also to reduce thermal stresses on the 
blade during the non-normal states associated with sudden accelerations and 
decelerations. 


e. Research on Low Pressure Turbine 


\erodynamic tests conducted on actual size four stage iow pressure turines 
served to clarify the performance of multiple stage turbines under a wide 
range of operating conditions. Even further improvement in performance and 

igh load capability are being targeted, and a rotating blade array test us- 
ing blade models aimed at reducing loss at the wall surface is being conducted. 


Research on Fuel Controller 


Research is being promoted on an electronic combustion controller to replace 
the mechanical fuel controller being used at the present time. The operating 
conditions are set as close as possible to simulate flight conditions, com 
hbustion is finely controlled, and fuel consumption is lowered, and the life 

if the high temperature materials will be extended if the objectives of this 
important research are realized. 
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JAPAN AND U.S.-EC DIFFERENC7?S IN AVIATION GAS TURBINES R&D 
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Article by Mototusgu Ito, Deputy Chief, Technology Development Department, 
\eruspace Division, Ishikawajima-Harima Heavy Industries, Ltd. ] 


lext Introduction 


More than 8 years already have elapsed since development on aircraft jet 
imines was taken up as a large project. The development of engines for 
mmercial planes which at one time seemed so far away has now reached the 
tage where the goal is in sight. 


evelopment of the fan jet engine FJR /10 via the large project system 
is being promoted by the Agency of Industrial Science and Technology which 
is enlisted the cooperation of government, academic, and private industry 
ple, but there is the situation that this project has a number of keenly 
felt problems which are unique when comoared to the research and development 
in the western countries. 


will try to introduce a few of the problems which I have been anguishing 
ver, and | would have them taken as supplementary materials for consider- 
ing what our future posture should be. 


ilitary Aircraft and Commercial Aircraft 


t ; well known that the continuous and fast paced development of technology 
issociated with the practical application of gas turbines for aircraft use 

r the past more than 30 years was roestly in the form of research and de- 
velopment on military aircraft. 


First ot all, gas turbines for aircraft were the product of research and 
levelopment aimed at their use in military aircraft alone. The tragic acci- 


ent suffered by the Comet (British) engine that was the first applicaticn to 
yumercial aircraft is well shown, but this engine as well as the engines used 
in the United States to first power the B/0/7 were jet engines froa military 


rces applied directly or after subsequer< modifications to commercial use. 











Even today's first line engine, the CF6 made by the CE Company uses the 
TF39 engine high pressure system originally designed for the C-5A mili- 
tary plane coupled with a newly designed fan for commercial use. The 
JT9D product of Pratt and Whitney Company is an engine developed from 
the JTFI14E that failed the competition with the TF39 for use on the 
C-5A. 


4 more recent example is the CFAA-56 under joint development by GE-SNECMA 
which will use as is the high pressure system of the F101 engine developed 
for use on the strategic bomber B-1l whose development was halted. 


The examples given above are cases in which the entire military engine or 
parts of it were taken over and converted to commercial use, but even in 
more indirect ways the development of commercial engines owes some debt 

to the blessings of the military in one way or the other. 


faking the case of the United States, the Department of Defense in purchasing 
ines tor military use only required that involvement in research and de- 
opment, and [R & D] funds were allotted as a ratio of the purchase price 
with no specific use in mind in the system adopted. Ever assuming that the 
funds were used on research and development specifically on military air- 
ngines, the elements making up» the engine and the material working 
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hnology, when considered in ~<¢: ail, are difficult to classify as ‘ eing 
tly military or commercial, and it is clear that the vast military ac- 
ition {f the American military were serving as the foundation to foster 

mercial aircratt while the tis letails cannot be given here, there ha: 


eT imilar intluence on mmercial aircratt trom military aircraft in the 
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red and the political and military tension re- 


manned aircraft came under question as a result 


lopment of military aircraft slowed. The accompany- 


ercial aircraft decreased as a result (although this 
plane type). 
e m anism for pricing was not altered once it wa 
ult which strictly commercial planes with no mili- 
ir the brunt of huge development costs and yet com- 
petition established by the marketplace. 
for the intermediate trainer of the Defense Agency 
ed engine developed in Japan after the war. At the 
search and development which have been described to 
ry modest scale compared to what took place in the 
y reflect Japan’s unique situation as well as being the 
: ipability, and it would not be reasonable to ieap 
the above. On the other hand, as long as the situ- 
t sts in the leading countries of the western worid, 
if ane. st - engthening of the aircraft engine industry wili 
itional policy. The development of the FJR/10 under 
t hould be accompanied by research and development on 
: ty with the research and development efforts directed 
ir e western countries. 
iT UTLZans 
search and development systems of the various 
span are comparec, one if the points which can be 
t eren s the role the national research 
ted here is the central role played by NASA in 
two major functions which NASA has in its favor 
ar irganization does not possess. One is 
mn research and development activitie 
tne a istance it lends on technologicai 
rcraftt engine industry 
: irawn u ill i isive progran 
t air ift engines taking int 
:; ate ect i has divided the 
nt jucted Né itself, re 
‘ ither ¢ ernmental research organs, 
' rsities, ai ‘ rch an eveloprient t 
wre eet} f ’ ati w . ew, 
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The second point is that in reduction of noise and reduction of the toxic 
components in che exhaust gas and the volume of the exhaust which are prob- 
lems facing the industry, research and development on select existing selected 
models to reduce these emissions is contracted out to the makers of these 
engines and thereby aided. Assistance is provided vy farming out to manu- 
facturers the research and development on structural factors that hold the 

key to improving the performance oi future civil aircraft. 


it seems that a similar function has been given che NCTE of the United King- 
dom and many of the governmental research organs of the western world. 


The various governmental research organs in Japan all are conducting high 
level research, and we in industry are utilizing the fruits of their research. 
On the other hand, the capability discussed above is lacking, and comparison 
with the leading countries of the western world leaves us in a disadvantage- 
ous situation as far as development of airplane engines for commercial use 

is concerned. 


Research and Development Facilities 


Another sore point in this present research and development of the FJR/10 
jet engine is the lack of research and development facilities and capacity 
and capability inadequacies. 


Fortunately, the development of FJR/710 has resulied in facilities such as 
engine test site, high pressure combustion test facility, crosswind test 
facility, and ice and bird intake test fa ility which were indispensible 

to aircraft gas turbine development being built and expanded, and this is a 
very pleasing situation for which we have the people of the Agency of In- 
dustrial Science and Technology to thank. 


On the other hand, ccnparison with the leading countries of the western world 
reveals that Japan still lacks many facilities such as a high altitude per- 
formance test site, large capacity aerodynamic performance test facility 

for various components, and test facilities for endurance and rigidity tests 
ot parts. 


it 18 unreasonable to provide all these research and “evelopment facilities 
for a single project such as the FJR/10, but a long term plan for facilities 
such as mentioned above is desirable. 


+o .7 
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[his nas been a discussion of the agonies and hopes of the people engaged in 
the development of gas turbines for aircraft use. This paper can be con- 
lensed to say that the western countries receive the benefits derived from 
the development of military aircraft which are passed on to their commercial 
iircratt, which for the most part is not available to us in Japan. It is 
hoped that research and development on gas turbines for aircraft use which 
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‘quires mu information accumulation and has particularly high add-on 
erm project of national scale so ‘at 
ere will be no slips from the laying of the foundation to the realiza- 
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irticle by Hideaki Takamatsu, Office of the R and D Officer, AIST] 
ext | introduction 
lapan's industry has produced a period of economic growth not seen before in 
vw world through the utilization of abundant resources imported from over- 
, but the so-called oil crisis was the wedge which has made difficult 
mic growth of a multiple resources consumption nature. The oil 
was not a sudden phenomenon, and a similar fate is expected to befall] 
il but other natural resources, and it is expected that future sup- 
ies will be greatly controlled by the international situations. In the 
idst such a background, Japan is a country of very limited domestic re- 
r and it must depend on overseas sources for most of its supply while 
r ig to maintain a stable economi« ociety. if this is to be maintained, 
ere must not only be a conversion from a multiple consumption of resources 
ituation to an intormation collecting situation along with all out promo- 
technological development on methods of effective utilization of re- 
irce inc stoc Kpiling 9k resources. At the same time, man's activities ars 
f tably accompanied by the production of wastes. Mass production anc amass 
imption which raised the people's standard of living have not onl» in 
reased the volume of wastes but have varied the types of wastes produced. 
[ these wastes are left as is, it is clear that the living environment wil] 
lestroved. This is whv the promotion ol! "re earch and deve lopment ot re- 
tilization of resources technology of urban solid waste" as one phase of the 
ndustrial technology policy is thought to be an important policy subject whose 
e has come. The results of this research and development are expected not 
t resolve the many problems associated with the management of solid 
istes trom our ities but to contribute toward the levelopment of resources 
ling technology which is a technology directed at the conservation of 
rees and which is an important research subject along the lines of enerey 
rvation and reduction in load on the environment compared to the utili- 
it mn I rirgzin resources 
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Figure l. 


Key: (1) trash collection pit (14) 
(2) semiwet selective sorting facility (15) 
(3) Group I (mainly garbage) 

(4) Group I fine selector (16) 
(5) high speed composter (17) 
(6) fine selection device (18) 
(7) storage 
(8) compost (19) 
(9) extraneous material (glass, pebbles, sand) (20) 
(10) high speed composter of residuals 
(ll) extraneous material (glass, plastics) (21) 
(12) burial 
(13) Group II (mainly paper) 
(22) 
(23) 
(24) 


l. sorting of Urban Trash (Pretreatment System) 
ihe important 
and 

It 
two 


crushing, 
Figure 2. 
irum with 


C1 pews 


 « 


*- 7 


(17 


. % . al 


(272) 


a Th es 


“est 


Flowsheet of Material Recovery Type Process System 


Group II fine sorter 

purified pulping 
facility 

storage 

purified pulp 

Group III (aainly 
plastic 

‘roup III fine sorter 

extraneous material 
(ulastic) 

2-tower circulation 

type fiowing heat de- 

composition facility 

gas holder 

urban gas 

storage, scrap iron 


unit of the pretreatment system is the semi~-wet selecting, 
sorting facility of the type whose principle 
eensists of two types of sifting plates in which a rotating 

screens of differing mesh is rotated at a speed differing from 


is illustrated in 


that of a rescreening drum in which the mixed trash is directly along the 


axial direction 
resistance, and 
ing and i 


of the drum as the differences in impact 


sieving the particles as they pass by. 





shear force of the different materials are utilized 


resistance, 


pressure 
in crush- 
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Development of Forced Exhaustion Type Cyclone 


irpose) This facility is designated to remove glass, dirt and pebbles, 
ind heavy extraneous matter from the garbage that has undergone first stage 
elective separation at a wind power sorting device (or a mechanical separa- 

r) and serve as the pretreatment facility before the garbage is fed in as 
raw material for the methane fermentation process. Since technology develop- 
ment aimed at more efficient operation through high concentration and high 
temperature treatment was promoted in the methane production process, de- 
velopment of a selection facility effective even in the high temperature 


tleo requested. 


onstruction) The makeup of this facility is shown in Figure 1 in which 
wre is a screw-type exhaustion device with a hollow shaft at the underflow 
ection of the usual type cyclone. Air is supplied through this hollow shaft 
where>y an air wick (air column) is formed within the cyclone and maintained, 
ind any lowering in sorting capability is prevented. At the same time, a 
entration process at the underflow section smoothly removes solid materials 
which have lost their fiuidity via a screw conveyer. 
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The adjustment of screw turning speed and air flow enable <.djustment of 
the selection conditions. At the same time, it can res. . in appropriate 
manner to a wide range of changes in properties of t. te d slurry (treat- 
ment raw material). 

(Experimental) A performance test was conducted using a nilot plant (see 
Photo 1) with treatment capacity of 120 m .?/hr (maximum). The dimensions 
of the cyclone were 320 mm inner diameter and 10° apes to the conic sec- 
tion. Parts with different diameters and pitch were used for the screw 
section. The basic tests were conducted mainly with low concentrations of 
old paper and glass slurry. 


(Performance) An example of the separation capability of the forced ex- 
hausting type cyclone on low concentration old paper-glass system is shown 
in Figure 2. According to this figure, the size of particles separating 
from this forced exhaustion type unit depended on the slurry inlet pressure 
just as with the standard type «yclones, and the same values were obtained 

sui_able screw rotational speeds. In addition, the results of slurry 
treatment experiments using actual urban trash clearly showed that employing 
high pressure conditions with slurry inlet pressure greater than 2 kg/cm“ 
enabled suppressing the size of separating glass particles to less than 1 mm 
it an organic material concentration of 9 percent that is the set value for 
the methane formation subsystem. In other words, introducing this facility 
is a pretreatment to the methane production process made possible simplify- 
ing the flowsheet and decreasing the size of the facility. 





Photo 1. Wet Sorting Test Plant 
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igure 2 Example of Separating Capability of Forced Exhaust Cyclone 
(1) inlet pressure (4) forced exhaust type 
(2) separating particle size ») screw rotational speed 
(3) usual type 
ipplication to Other Areas) It is thoughc that this facil.ty, in principle, 
makes possible higher concentration, sorting, and stable operation compared 
with cyclones used in the past, and many other applications are expected in 
iddition to t treatment of urban trash slurries. For example, it may be 
applied t ity sewer treatment where slurries containing similar fiber type 
material can be treated to recover fine bones (deslime) fromsandand pebbles. 
In this manner, it should be very effective in various processes, and research 


is being conduc 


ted to make practical application in many different areas. 
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[Article by Takashi Yoda, Central Research Lab, Diashowa Engineering, Ltd. ]} 


[Text] We are in charge of "Purified Pulp Production" that is part of the 
large project on material recovery type resources recovery technology system 
along with Tsukishima Machine. The contract for this work was signed in JFY 
1976, and we are now entering our fourth year. Construction of the demon- 
stration plant was completed in JFY 1978, and operational research was ini- 
tiated in JFY 1979. During this period, the work during JFY 1976 was devoted 
to basic research for basic design while JFY 1977 was taken up by system de- 
sign research. The purpose of this research is to regenerate sanitary pulp 
for paper making from city trash and to set up a regeneration technology nec- 
essary to the process. This program is not limited to research for a limited 
time period but also development, and we are forever looking for fresh possi- 
bilities and testing out actual and practical situations. This is why not 
only the latest equipment is being assembled for the process of producing 
purified pulp but equipment from the past is also incorporated in order to 
develop the most reliable system. 


Understand Human Complexity Through Visual Sorting 


Our system does not involve the removal of pulp material from the raw trash 
but is concerned with raw material in the form of the paper fraction (mostly 
old paper) as it comes from the sorter. Compared to the process in which 

old paper generated in households is used as raw material to produce pulp, 

the raw material for this present process contains several times more extrane- 
ous material (rubbish), and we are surprised at the quantity of garbage still 
remaining. Put in an extreme manner, it is processing paper contained in 
trash. A visual sorting was performed in order to measure the distribution 

of various components in this trash. This involved air drying the trash after 
which paper and plastics and other junk present were sorted and separated 
visually. While the trash was being air dried, bad odor (characteristic 
garbage smell) filled the room, and some people nearly gagged. During this 
visual process, pieces of religious ceremonial paper or hair were found, and 
the sorters were subjected to a number of thoughts. The separation of hair 
from paper and other extraneous matter \as extremely difficult, and it often 
require. considerable effort to separate these pieces. These remnants from 
human life reflect in accurate manner the complexities of human life. 














Battle with Extraneous Matter 


The composition of raw material for pulp recovery obtained through visual 
sorting was made up of about 85 percent paper on the dry hasis, and the re- 
mainder was plastic, rubber, wood scraps, bamboo, straw, hair, and garbage. 
We started otf on our pulp making technology relying on the process of mak- 
ing pulp from old paper as the basis of reference. On the other hand, the 
fraction of extraneous matter was much higher than that encountered in pulp 
production from old paper. Further, contamination with extraneous matter 
such as garbage was so severe that it was not possible to use a method 
exactly the same with that used in the recovery of pulp from old paper used 
in the past. Because of the high content and the complex makeup of this 
extraneous material, the screen used to sort the trash clogged at very high 
frequency. In addition, we struggled to separate paper from pieces of string 
and hair. 


scrap twine and pieces of hair are long and fibrous and have densities very 


] 


ciose t 


to that of pulp fiber so that they passed through the screen along with 
pulp rather easily making their separation difficult. There was need to study 
their behavior in order to successfully remove them, and our tests started off 
using a drum scale operation. Test errors were repeated as we struggled to 
improve the removal rate. Similar difficulties were experienced in the re- 
moval of plastic scraps, hot melt materials, different oily materials, and 
vparbage extraneous matter. 


Raw Material Is Mixture of Various Types of Old Paper 


The types of paper contained in the starting material covered a wide array, 
and its makeup consisted of roughly 50 percent newspapers and magazines while 
the rest was corrugated cardboard, white cardboard, kraft paper, and high 
quality paper. Old paper has traditionally been used as part of the starting 
material for the production of cardboard. Recent advances in old paper re- 
generation technology and effective utilization of resources have resuited 

in their use to produce newsprint paper and medium quality paper. Old paper 
used as raw material for paper production is used as starting material accord- 
ing to the nature of the paper itself, and old newspapers are used to produce 
fresh newsprint paper while cardboard is used to produce more cardboard. 

[he papermakers purchase old paper in sorted form for this type of production. 
(he raw material for producing purified pulp is in the state of mixture of 
various kinds of old paper as was described above. Recycled pulp obtained 
from raw material of this composition naturally is closer in quality to pulp 
regenerated from old paper than from virgin pulp, and it has quality closer 
to regenerated pulp from old newspapers and magazines, corrugated cardboard, 
and old paper. The objective of producing purified pulp is to obtain pulp 
usable for paper making while city trash contains a mixture of many kinds of 
paper, and it has been said that pulp produced from such a mixture of low 
grade and high grade paper may not be suitable for paper making. It has been 
ditficult to refute such a statement. Just as white note paper is produced 
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from pulp which has been bleached with chemicals and newspaper print is on 


. ar . *s + . iae “7 tail er : 7 r ~ 
paper made mostly from mechanically pulped material from wood chips, paper 


is made up of a wide variety each made from some specia. line of pulp. 


Photo 1. Facility Used to Break Up Photo 2. Working Situation in the 
Raw Materials Used in the Research Research (Finished Purified Pulp) 
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Purified pulp manufactured from this type of raw material consisting of a 


ae one Bent 
ication of New Pulp 


varied array of old paper undergoes removal of extraneous materials, removal 
of ids and ends such as dust and hot melt, and various bactericidal treat- 
ments using bleaches and other purification processes to get to the purified 
pulp stage. As mentioned before, this pulp may be considered a new type of 
ulp in contrast to the varieties of pulp used to make paper from different 
ypes of used paper. This is why not only the paper making end but also 

me new uses for this pulp can be anticipated. Pulp is an intermediate 
product be it for paper making or some other application. The purpose of 
producing purified pulp is just that, and it is not involved with pulp mal 
ing. On the other hand, the product so obtained is a new type of pulp, 
there is need to use the purified pulp from a demonstration plant to ac- 


tually make paper products from which feedback on the quality needs to be ob 


tained. There is also need to actually produce new products from this puri 
fied pulp, availing this product for examination by the average user so he 
in actually feel the product in a PR approach, promote PR to paper making 
mpanies who will probably be using t! product on a large scale, and 
yromote PR to related organs and government circles in order to enable 
practical application of this new pulp. At the same time, it is thought 
it every effort must be ide to erase the negative psychological effect 
issociated with products made from t tras! 
‘ 
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words, attention is being directed at the development and bringing 
t the ractical tage an automated rod tior ryetem of high flexibility. 


will ed Iss Later thi inge " is its background the rationale 





r the mall lume, multiple product roduction mode and the shift in de 
ind r vat roduct f var g properties 
the past, any rv est for small mantitisc t different products requiring 
ity in pr ction methods was shunted off to certain experienced 
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of total production of the machine industry is taken up by large variety and 
small volume production, the economic effects of the development and practi 
calization of a flexible automated production system assumes extremely great 
importance. 


There has been need for greater versatility up to now even in the area of 
industrial products thoupht to be mass produced, and this need is increasing. 
For example, taking the case of the passenger automobile, the variations for 

a single model will amount to 50-190 if the many requests on the part of users 
are to be honored, and it is impossible to produ e such a wide array by the 
present standardized mass production approach and remain economical. In other 
words, the time has come when the introduction of a flexible automated rroduc- 
tion system has to be considered in order to respond to these various requests 
while reducing the number of production lines to the minimum level. 


The start to the establishment of an epochmaking production technology for 
multiple product small volume production evolving from this background is the 
large project research "Modular Production System Using High Performance Laser.” 
Intensified efforts already are being directed at development of flexibie auto- 
mated production systems in the United States, West Germany, and the United 
Kingdom, and it is thought that the results of this technology development 

race in the area of multiple product small volume production will be tied in 
to the establishment of superiority in the world’s market on the part of Japan, 
United States, and Europe. This is why the promotion of this large project 
research has very great significance for Japan which must rely on trade to 
survive. 


uutline of Research and Development 


Research and development on the large project “Modular Production Using High 
Performance Laser" has been planned for a 7-year period from JFY 1977 through 
1983 and a budget close to 12 billion yen has been assigned. As mentioned 
before, the object of this project is to establish the technology necessary 

r the development of a ‘modular production system" which will enable flexible 
ind rapid production of many products in small volume through an integrated 
mechanical assembly. 


fhe feature most important to multiple product small volume production is the 
“flexible and rapid” capability. What is termed flexibility here refers to a 
flexibility that makes possible free modification of the production process 

to comply with the production of a number of different products. This flexible 
ind rapid treatment capability is a common ob jective throughout all the re- 
search items of this project and is based on specific modular construction. 


A flow sheet showing the relationships between the development and research 
items of this project is presented in Figure l. There are seven items of 
element research necessary to the development of the modular production sys 
tem. These are the total system, cutting technology, base shape formine 








technology, automated assembly technology, laser application technology 
re ’ 
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automated diagnostic technology, and automated design technology. Element 
research on the various research items will be essentially completed by the 
end of JFY 1980, and the results will be used to conduct detailed design of 
an experimental plant, production, and operational evaluations over the 
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ire r nd Development Flow Diagram for the Modular Production 
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lhe adllterent research tiem: and thetr assoctlated subfsects and thelr 


present status are described below. 
Research and Development Subjects 
|) Total system 


Research is being supervised to establish system design and control tech- 
nology for the modular production system. This includes research on estab- 
lishing system plan, production mode, and system control and operating mode 
as seen from material flow and information flow extracted from the basic 
mechanism of the modular production system. 


2) Cutting Technology 


The cutting mechanism of this modular production system needs to be able to 
respond in flexible manner to varied production parts which can be imagined 
as whole bodies. Consequently, there are mai:y kinds of cutting operations 
required, and this involves different types of cutting according to the na- 
ture of the product in question, and its volume will vary greatly. Asa re- 
sult, the cutting mechanism for the modular production system will consist of 
constitutive elements each with a unit module of single capability all of 
which are manufactured in a single specified dimensions, and the capability 
specifications and work space specifications are also incorporated into the 
modular unit assembly which is one of the many making up the whole. In other 
words, a modular unit construction is employed. 





An example of a modular unit with improved flexibility as the result of free 
engagement and disengagements between units is shown in Figure 3. 


Tne modular construction to be developed by this project will have the capa- 
bility of separating and coupling in automated manner a number of units in 
short order in addition to which it must satisfy the necessary ruggedness, 
operational capability, and precision required of tool machines as a result 
of which high level technological development is required. In order to re- 
solve these technological problems, servo motors for small units and control 
devices making up tool machine element groups are the objectives of research 
and development as illustrated in Figure 2. 


}) Base Shape Forming Technology 


the point of development of base shape torming technology which can withstand 
he flexibility required for multiple product small volume production is to 
levelop metal molds of flexible structure and free forming technology requir- 
ing no molds. 


\ representative example of the former that comes to mind is the assembled 
metal mold. The adoption of the use of metal molds of a single structure 
used in the past to multiple product small volume production would increase 
production costs to very high levels. 
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Rk & D on total system R & D on design and management 
technology 
(i) design research on total system (1) research on automated design 
technology 
(2) research on process design and 
management technology 
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forging technology tural joining modular 
e research on hot isostatix technology* assembly 
pressure powder forming (2) research on technology mechanism 
machines for high grade tools 
e research on disk ring ® research on grinding 
forming technology tools* 
(3) research on composite ® research on cutting 
shape torming mechanisms tools* 


(3) research on modular 
cutting mechanism 

(4) research on technology 
to obtain higher cut- 
ting capability 

(5) research on general 
attachment technology 

(6) research on control 
systems and drive 
systems 
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Figure 2. Modular Production System Using High Performance Laser 
and Its Research and Development Themes (JFY 1979) 
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R & D on laser application technology 
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Figure 3. Modular Unit Construction 
Mode 





Key: (1) constitutive unit 


In order to resolve this type of problem, metal molds have been broken down 

to obtain basic metal molds of simple shape which are then put together ac- 
cording to the need at hand. Should these assembled molds become applicable 
to all types of shaping, the versatility and economic aspects of shaping tech- 
nology will be improved greatly. 


Free forming technology brings to mind disk ring technology, ultrafree casting 
technology, and hot isostatic pressure powder forming technology. 


4) Automated Assembly Technology 


The first thing to be considered under automated assembly technology is that 
this technology must be capable of assembling a product of a quality at least 
equal to or better than that of a product presently available in the market. 
Should the performance or external appearance be wanting, there is no value 
no matter how high the productivity or low the cost that can be realized. 


The assembly process is ge: -ally the final process, and any damage to the 
product as the result of improprieties at this stage is equivalent to sacri- 
ficing the parts that had been fabricated and accumulated to this stage, 

and there is no way to compensate for this. 


This is why when automated assembly is being studied, it is the usual practice 
to take adequate consideration of the possible mixing in of dust and other 
extraneous matter from the surroundings, the shape of the item, and the pre- 
cision of working of the many parts making up the product; select a mechanism 
to be used in the assembly which has proved very reliable in the past; and set 
up any exclusive plan in orcer to obtain technology which will insure quality 
products. 


When one thinks along these lines, the practical comprehensive automated assem- 


bly units on hand today are exclusive facilities for mass produced products in 
which the shape and size of the products do not change. 
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Now the automated assembly technology for the modular production system which 
this project has taken up has the objective of establishing, in place of the 
present automated assembly of a single product, a multiproduct small volume 
automated assembly technology. 


w capability to respond to multiple product low volume production demands 
equivalent to establishing assembly of all kinds of ordinary products. 
tuis ability is to be enhanced, tne present assembly technolugy needs to 

be analyzed from its operational viewpoint and to study just how far a deci- 

sion capability necessary to the assembly operation needs to be pushed after 
which the necessary mechanism and controls should be developed. 


v*% 


Assuming that several products are to be assembled in automated manner, there 
are the associated technological problems such as the supply of parts to go 


into th« » ‘oducts being assembled, the transport of the products, and the 
tools ta vile the products that are assembled. Since these problems arise 
from tert oc ugy developed for the single process single machine morphology of 
the past, i: is Jifficult to adapt the technology directly. 


[he minimum use of transport of products and performance of several assembly 

operations at a given site constitute the so-called modular assembly, and there 
is meed to incorporate iato its mechanism intelligent decision making capa- 
bility and flexible control which selects any desired operation along with 

the capability to select the optimum tools for a given assembly and make 
ecessary replacements. 


9) Laser Application Technology 


Lasers represent a new technology which is still roughly only 20 years since 
its first development. It is applied presently to make measurements and to 
conduct fabrication operations followed by applications in communication, 
information processing, and medicine thereby covering a wide area. 


When lasers are applied to modular production, the applications which come 

to mind include measurements, surface treatment, cutting of material, weld- 
ing, and heat treatment. The development of a large output carbon dioxide 
gas laser oscillator and establishment of its control technology for work- 
ing metals are in order. Research is being promoted in this project on the 
development of a 20 kW class carbon dioxide gas laser oscillator of practical 
performance for fabrication, the development of optical parts to be used with 
large output lasers, and the establishment of laser fabrication technology. 


6) Automated Diagnostic Technology 


The abilities to monitor the states of the system and products and to pro- 
pose a remedial measure quickly when the system departs from nermal opera- 
ting states are necessary for the production system to operate in normal 
manner and continuously produce the intended items. Automatic diagnost ic 
technology is an indispensable technology from the standpoint of the opera- 
tion of such systems. 
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logical development is under way in the area of research on precision 
sation technology to make precision compensations based on the results 
ision diagnosis. Developments are anticipated in elucidation of the 


rs responsible for errors arising from unit interchanges in modular 


es and the establishment of precision compensation technology for 


automated inspection technology is directed at the development 


ability to automatically inspect various products along various lines 


probably will be produced by the modular production system, draw up a 
of the inspection results based on inspection standards, and make 


ecision when necessary. 


is under way in the area of precision diagnostic technology on siting 


orication machinery, measurement and experiments c 1 precision, and pre- 


measurement methods. 


*sign and Management Technology 


is being conducted on automated design technology iv: ordinary use, 
f the operating state of modular production systems, process con- 
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technology for optimization, and establishment of optimum process design 
r 


the modular production system. 
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SEABED OIL PRODUCTION SYSTEM R&D 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 66-68 
[Article by Kaoru Honjo, Office of the R and D Officer, AIST] 


[Text] The Agency of Industrial Science and Technology took up research and 
development activities on the theme "Seabed Oil Production System" under the 
Large Industrial Technology Research and Development System (large project) 
starting last JFY, and it will be engagec in this program on a 7-year plan 
up to JFY 1984. 


Total research and development funds about 15 billion yen) 


What is meant by seabed oil production system is the system technology for 
recovering oil and natural gas from oil wells under the sea to be accomplished 
by the installation of main production equipment at the sea bottom in a sys- 
tem with the major feature of not requiring platforms. 


At the present time, nearly all the oil taken from the sea bottom is through 
these fixed type platforms, but this platform approach necessitates greatly 
increased use of steel as the depth becomes greater as well as greatly ex- 
tended construction period which are necessarily associated with shortcomings 
due to technological and economic problems. Because of this situation, this 
present project seeks to establish technology employing a new production mode 
which doés not require platforms and thereby enable oil production frow very 
deep ocean oil fields. 


Neod for Research and Development 


Oil production from seabeds is increasing year by year, and this source now 
provides about 20 percent of the free world production since the 1970 decade. 
[t is expected that this figure will increase to 30-50 percent in the future. 


[t is clear that the ratio of oil recovered from seabed oil fields will in- 
crease more and more while there will be a gradual move to center new develop- 
ment to recovery of oil from oil fields at even greater depths. 
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In this situation, Japan is most backward in production technology among 
the prospecting, drilling, and production technologies which make up sea- 
bed oil production technology, and it is to develop this area that efforts 
are being directed to break through the limits of operable sea depths for 
present technology. 


Tc this end, Japan is conducting research and technology on new technology 
for the production of oil from sea bottom oil fields. This technology then 
will be used to promote the development of oil resources on Japan's contin- 
ental shelf and slopes. At the same time, financial and technological power 
will also be directed at fostering oil development projects overseas. With 
this background, it was decided to embark on research and development on the 
"Seabed Oil Production System" starting last JFY. Research and development 
is now underway by a concentration of both government and industrial circles 
including Japan's oil development industry, shipping companies, and heavy 
equipment makers. 


Outline of Research and Development 


1) The seabed oil production system to be developed by this project is the 
system technology for producing oil and natural gas from the sea bottom oil 
fields which is difficult by present day technology, and one of its main 
features is that it will involve the installation of the principal production 
equipment on the sea floor rather than on a fixed platform (see Figure 3). 





Figure 1. Seabed Oil Resources in the World 








According to Weeks (1974) and Moody the maximum poten. ially recoverable seabed 
reserves in the world totals 50 billion bbls (25 perce:t of total) with some 
bias in distribution, and the presently undiscovered fields account for 69 


percent which shows the late stage of development compared to oil fields on 
land where only 38 percent is as yet undiscovered. 
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[Note continued and key on following page] 
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According to data put out by the National Petroleum Council of the United 

States (NPC), World Petroleum Council (WPC), and the United State Geodetic 
Survey (USGS), it is estimated that continental shelf reserves (200-2,000 

meter depth) amount to 55-70 percent uj to 200 meters and 90-98 percent up 
to lower edge of the continental shelf. 


Key: (1) land (8) most important section (75%) 
(2) continental shelf (9) proven reserves 604.5 billion 
(3) continental slope bbl 
(4) continental rise (10) undiscovered recoverable 
(5) plateau-deep reserves 585 billion bbl 
(5a) nautical miles (11) 135.5 billion bbl 
(6) 1975 (2) 378 billion bbl 


(7) from technical data supplied by 
Japan Petroleum Development 
Corporation 


Figure 2. Present Day Technology for Developing Seabed Oil Fields 
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2) This system is a total system comprised of the four subsystems of well- 
head, pipeline, manifold, and riser-storage subsystems integrated in a com- 
prehensive manner, and the capabilities and constitutive equipment are as 
shown in Table l. 


Anticipated Results 
1) This project is an important strategy toward assuring stable oil supply 


i) It will make possible active development of oil production from the 
continental shelf and continental slope around Japan. 


ii) It will provide Japan with the necessary technological power for the 
development of oil resources and will enhance Japan's future bargaining power 


with other countries where energy policies are concerned, 


2) Oil reserves (reserves capable of production) can be greatly expanded. 





Oil at great ocean depths not workable by methods used in the past, permanent 
[probably a misprint for ice-covered] ocean oil fields, and small-scale oil 
fields coming under categories (iii) and (ii) described below will become 
‘apable of being developed, and the available oil resources can be expanded. 





‘) The economics of oil production can be enhanced. 


i) Construction period can be cut down compared to the platform mode 
used in the past, and not only early stage production will be possible but 
the steel needed can be cut down, making possible more economic oil produc- 
tion. 


ii) Small scale oil wells distributed about oil fields being worked by 
the platform mode can be developed by the use of a part of this system with- 
out the need to extend the platform facilities. 


iii) By applying the technology on the well system that is under research 
ind development on this system and that on pipeline systems, it will become 
possible to apply secondary recovery technology to wells which were thought 
difficult to subject to secondary recovery in the past (by forcing in gas, 
water), and recovery rates can be increased. 





4) There is great spin-off effect of the technology 


i) The range of spin-off of technology such as on marine structures, 
pipelines, support equipment, and remote control is very wide. At the same 
time, development results on as yet unknown areas such as the ocean have the 
potential of giving birth to high streneth material, corrosion resistant 
material, and composite material. 


ii) The developmental results from this project are expected to be appli- 
cable to development of other seabed mineral resources and sea energy de- 
velopment. 











Table 1 


subsystem | tunction a __ | "constitutive equipment 
this subsystem is installed |guidebase, wellhead equip- 
wellhead at the wellhead and has the ‘ment, valves, control de- 
‘capability to control the vices, well equipment, 


flow of oil and natural gas ‘covers, etc. 

and to adjust the rate of 

production Ue 

' this subsystem ties together Tflow line, hydraulic line, 

pipeline wellhead equipment, manifold, (power and control cables, 
and riser subsystems, transmits/junction facilities, etc. 
oil and gas produced, and | 


serves as the pathway for 
{pump down tool (P.D.T.) | 


-_-—— -_—— —_—- ——_—— _-»7— .——  - 


— this subsystem not only col-  |manifold base, manifold 
manifold lects oil and natural gas ‘cellar, service capsule, 
‘brought in by the different P.D.T., diverters, etc. 


‘lines but also has the capa- 
bility of accurately selecting | 
the pathway for P.D.T. to each 
jwell unit eee ee 
’ (riser): conducts oil and riser base, riser pipes, 
riser, oil storage | natural gas from the sea bottom/universal joint storage 
'to the sea surface and is the (tank, loading facility, 
pathway for P.D.T. and power ‘mooring equipment, etc. 
sent from the surface to the 
' bottom 
(oil storage): temporarily 
stores oil or natural gas at , 
| the surface before loading. | 
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RESEARCH ON MAINTENANCE TECHNOLOGY 
[Tekyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 69-70 


[Article by Toyokazu Mitsuoka, Instrument and Control Section, Systems De- 
partment, Mechanical Engineering Lab., AIST] 


‘Text] As oil drilling is conducted at depths greater than 100 meters and 
when depths of the order of 300 meters are to be drilled as in the "Seabed 
Oil Production System,” maintenance work by divers no longer is possible. 


his is why there is need to develop technology whereby a service capsule is 
ed trom which men can conduct maintenance and checks of the seabed oil pro- 
m tactlities and to develop maintenance work robots operated through 
remote control. There is particular need for the development of control 
technology which will enable the accurate approach of the site in mind with 
ither the service capsule or the robot. 


iddition, this type of maintenance operation cannot be conducted under 
normal conditions, and there is a need to introduce some degree of automation 
into the maintenance work. Seabed oil production has a very high possibility 
‘f creating major social problems such as ocean contamination should an acci- 
lent occur, and the technology to spot such an incident quickly and to prevent 
such an incident is necessary. 





hat is to say, a facilities diagnostic technology which can discover any 
iccident occurring within the seabed facilities or discover accidents pre- 
eding incidents before they happen or while the damage is still small in 

ile and prevent further damage as well as to restore system functions along 
sith aucomated repair technology for automated repair of damage are necessary. 


Research and development along the following lines are underway directed at 
the development of a seabed oil production system that will meet these objec- 


tives. 


|) “Research and development on approach control technology to fixed under- 
seas facilities” which will submerge and bring close to installations which 
require spot inspections such as manifolds the equipment to make the checks. 














/) “Research and development on facilities diagnostic technology of pipe- 
lines” which will detect any damage or malfunctioning of pipelines and other 
inderseas facilities at an early stage and forestall accidents. 


tatus Of Kesear 


‘Research and Development on Approach Control Technology to Underseas 
‘acilities” 


-- 





This is research and development directed at transmitting the information 

necessary to enable a service capsule or other maintenance 

tool to approach the target site using ultrasonic waves which are the only 

information transmitting means in the sea. This system will be made up of 

i coarse directional control system effective from a remote distance, pre- 
ision directional control system employing a short distance scanning ultra- 

sonic graphic device (a type of ultrasonic television), and approach dis- 

tance and speed control system. 


At the present time, a coarse directional detection mode using FM ultrasonic 
waves has been conceived, and it has shown promise of practical application 
through tracking tests made in air and is presently being tested underwater. 


jptimum deployment of ultrasonic wave receivers and signal treatment methods 
ire under study on other control systems. 


‘Pipeline Facilities Diagnost { Technology” 


Research will be conducted on a Jiagnostic system which will detect abnormal i- 
ties such as damage or leaks to the pipelines of the seabed oi] production sys- 
tem and estimate the degree and location of this abnormality. This diagnostic 
system will be made up of a system to monitor the vibrations, sounds, and 
pressure of the pipes and valves of the oil production system and make on- 

line abnormality detection of damages and leaks and a system to accurately 
examine the leak or damage through a pig (a type of capsule) in which are 
installed leak detection equipment or ultrasonic damage detection equipment 
which will follow the pipelines. 


\€ the present time, a new method to detect oil or gas leaks with very high 
precision and to estimate the site of such a malfunction employing time se- 
quence analysis of changes in pressure gradient at the inlet and outlet has 
been developed, and it has been established through a simple model experiment 
that precision one order of magnitude higher than that possible with tech- 
nology of the past can be realized. This method was found to be particularly 
effective when pressure change noise was large in two-phase flow of oil and 
gas. 


Studies are underway in a leak detection method in which the properties of 
leaking sounds radiated from the pipe wall when oil or gas leaks and sounds 
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Figure 1. Approach Control Technology and Deployment of Sensors for Mal- 
function Diagnostic System of Pipelines 
Key: (1) support ship (9) pig 
(2) leak detection microphone (10) on-line diagnostic sensor 
(3) damage sensor (ll) pipe 
(4) ultrasonic wave zone (12) manifold 
(5) service capsule (13) pipeline 
(6) ultrasonic image reception array 
(/) coarse directional detector 
(5) cassette tape 


radiated by flowing fluids within the pipe will be analyzed where the size of 
the leak and the pressure differential within and without the pipe are varied. 


Studies on makeup of detectors and signal detection circuits are being promoted 


on other systems. 
226/ 
cso: 4105 
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OFFICIAL INSTRUMENTATION AND CONTROL SYSTEM 
Tokyo KOGYO GIJUTSU in Japanese Vol 20 No ®, Aug 79 pp 71-73 


Article by Yoji Hasegawa, Comprehensive R and D Aide, General Affairs De- 
partment, AIST] 


[Text] Development of Optical Instrumentation and Control System 


Development on the “Optical Instrumentation and Control System" which was 
taken up as a new theme during JFY 1979 is the development of a system to 
measure, transmit, and control imagery information on incidents arising in 

a given fixed area such as within an industrial park, large chemica’ plant, 
or large steelmaking plant even in the presence of electromagnetic induction 
or combustible gases in safe and stable manner. 


Speaking more specifically, communication modes employed in the past using 
wires involved systems in which current was passed through communication 
(transmission) cables such as copper cables (electric cables) through which 
sound or graphic display was sent to transmit the necessary information. An 
optical control system utilizing light employs glass fiber (fiberous glass) 
in place of the usual type of communication cable (electric cable) and uses 
a laser beam in place of electric current. 


A measurement and control system employing light has the properties listed 
in Table 1, and it is expected to exploit its effects on various systems in 
the industrial area where the present systems are suffering as the result of 
various physical factors. 


The Agency of Industrial Science and Technology of the Ministry of Interna- 
tional Trade and Industry has set up an 8-year plan starting in JFY 1979 
and extending to JFY 1986 to which an estimated budget of 20 billion yen 

is being allocated. 


The budget for this year (JFY 1979) is about 51 million yen, and it is planned 
to draw up the conceptual design of the overall system. Actual start is 
expected from about October of this year. 
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Table 1. Features of Optical Measurement and Control System 





_____ principal merit factor) —-_—_—r¥“_—S§_—_—sdfumctional feature 
no electromagnetic induction disburbance 
no short circuits 

no spark generation 

easy to ground 

no cross-talk 

small transceiver system 





A. use of light 


nonelectrically conducting 
light 
slim 
easy to bend 
fire resistant 
water resistant 
corrosion resistant 
low loss 
resources conservation 
| transmits visible Light 
Se ee L _ @asy to prevent leaks — 


B. use of fiber 


Background of Development of Optical Instrumentation Control System 


Electronic technology which has sustained present technological developments 
and innovations in comprehensive manner still plays an important role in im- 
proving efficiency of economic and social activities, but the day has arrived 
when optical utilization technology (often called optoelectronics) has be- 
come an indispensable adjunct to enable the breakthrough of the barriers fac- 
ing electronic technology. 


The road to electronic technology development can be grossly classified under 
the following four categories. 


1) Turn to high frequency (multiplex) 
2) Digitization 


4) Miniaturization, improved lightness, and reliability through use of solid 
state elements 


4) Systemization 


These developments made possi’ ntroduction of new capabilities and expan- 
sions of application areas, a .t may be said that the role of high frequency, 
adopted to speed information transmission and thereby enable greater volume 
transmission is very great. 





Li? 











At the same time, the following four points can be offered to demonstrate 
the difficulty of responding to the future objectives and needs for high 
quality and large volume information processing just by electronic tech- 
nology. 


1) High frequency and multiplex operations are closing in on their limits 


2) Since the transmission mode is a time sequence transmission, imagery 
information transmission is said to be a weak point 


3) System makeup is complex, and tracking and alteration are difficult 


“) It is associated with the shortcoming of being poorly resistant to ex- 
ternal noise caused by electromagnetic induction, heat, and moisture. 


The recent developments in the area of semiconductor lasers, the development 
of optical fibers, and low-loss optical fibers have focused the footlights 
on optical information transmission technology as the technology to break 
through the wall of difficulty faced by electronic technology. 


In addition to the features listed above in Table 1, optical technology has 
the potential of 1,000-fold multiplexing through polarization compared to 

the frequencies presently under utilization and overall transmission capacity 
100,000 times the present all-electric transmission mode. 


These advantageous features make possible more wide band use, higher speed, 
greater reliability, and low cost which will enable higher level of economic 
and social activities and bring out technological response to very complex 
situations as well as bring out multifaceted effects. This is why there is 

a need to plan to establish a new technology applying optics, and this should 
be a theme to be fostered as a central technology of the 1980s. These were 
the viewpoints which promoted the decision to conduct research and develop- 
ment on this theme through the large project approach. 


Features and Problems in Development of the Optical Instrumentation Control 
System 


The instrumentation control system expected to be realized through the ap- 
plication of light is expected to possess the features listed in Table 2. 
Im other words, it may be said that this is a system in which the merit of 
applying optics is exploited to the maximum degree. In order to bring this 
system to reality, there is need to develop component (element) technology 
of the type listed in Table 3}. 


Image transmi.sion, information transmission, and information processing 
subsystems will be built centering on development of these element tech- 
nologies, and demonstration experiments are planned for JFY 1985 at a plant 
with a system built-in. 
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DIFFUSION OF RESULTS, PATENT MANAGEMENT 

Tokyo KOGYO GIJUTSU in Japanese Vol 20 No 8, Aug 79 pp 75-76 
[Article by Morihiro Kurushima, Office of the R and D Officer, AIST] 
[Text] Status on Utilization of Results 


The large project system was initiated in JFY 1966, and 13 years have gone 
by during which time 16 projects have been launched, and a large number of 
results have accrued. Such outstanding results as electronic product tech- 
nology including products such as LSI and IC memories, high performance new- 
type battery, and development of a practical seawater desalination facility 
have been obtained in addition to which there were 1,785 applications for 
Japanese industrial proprietary rights and 81 applications for foreign 
proprietary rights in 158 different countries which are good measures of 
the extent of the results of these projects. At the same time, these re- 
search results have been responsible for the inflow of 180,984,000 yen into 
the national treasury indicating the level of spin-off from these results. 


The summary of the completed projects are described in another paper, but 
there have been a number of epoch making results from these projects as well 
as from projects now under way. 


The state of utilization of the results of the different projects is described 
below. 


1) The results of the project "High Performance Electronic Computer" com- 
pleted in JFY 1971 is now being used in large computers (HITAC 8700, 8800) 

and for the information service system of the Nippon Telegraph and Telephone 
Public Corporation. It not only contributes to faster computer processing 

but is competing with IBM's world enterprise in representing the research and 
development strength of Japan's computer industry and help establishing a foot- 
hold in the market. It is also serving as the foundation for present semi- 
conductor technology. 
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2) "“Desulfurization Technology" also completed in the same JFY 1971 has 
been utilized at the Kashima Power Plant of Tokyo Electric (Co.) and the 
Yokkaichi Power Plant of Chubu Power where it is contributing to pollution 
prevention. 


3) The "Electric Automobile" project which was completed in JFY 1977 has 
capabilities rivaling those of the gasoline automobile and has made possible 
production of high performance and long life batteries. These developments 
also are evaluated very highly from a social standpoint, and future popular 
use is expected. At the same time, the large power transistor developed for 
control purposes is being utilized in various areas such as for power supply 
control devices. 


4) The project "Sea Water Desalination and Utilization of Byproducts" com- 
pleted in JFY 1978 developed a large scale desalination plant (100,000 m>/h, 
which can supply the needs of a city of 200,000-300,000 people) which is the 
most recent and best of the desalination plants in the world. It not only 
has evoked considerable appreciation in Japan but is now installed as a de- 
salination unit in water-poor Saudi Arabia and Kuwait. 


Handling of Results 


The results emanating from the progress made by large project research and 
development as well as research results obtained at the research organs under 
the Agency of Industrial Science and Technology and other government minis- 
tries and agencies are naturally the property of the government. Even those 
results obtained from research contracted to private companies (industrial 
proprietary rights such as patents, knowhow so designated by the Agency 
director) are also the property of the nation. 


When these results of research and development are such that these are adapt- 
able to industrial policies where they can be incorporated into executional 
plans and also fulfill requests for public well being and the requestor ful- 
fills the conditions of possessing technological and economic capabilities 

of utilizing these results, a use permit is granted. Particularly in the 
situation where there are no mitigating circumstances, the contractor firm 
will be given exclusive use. Where use fees are concerned, the usual patent 
use fees apply. 


The Agency of Industrial Science and Technology serves to widely disseminate 
the results of research coming out of the various governmental research organs 
under the Agency and other government ministries and agencies and founded the 
japan Industrial Technology Promotion Council in 1969 for the purpose of 
establishing a bridge between the laboratories and the people*. This group 

is also actively engaged in disseminating the results of the various large 
project research and development results to the industrial world. To this 
end such material is being prepared for this group, and these are then passed 
out to prospective utilizers after they have undergone the necessary formali- 
ties (see Figure 1). 


T 100 (8th Floor, Mori Bldg., No. 20) 2-7-4 Nishi Shinbashi, Minato-ku, 
Tokyo-to Telephone (03) 591-627 
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